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In Memoriam 


CARL M. PETERSON, M.D. 
1899-1955 


NE LIGHT is gone! We shall miss it as sorely as any mariner setting his 
course by a bearing on a fixed light. No light has burned steadier than this 
one, and none was more needed as the storms swept the uncharted sea of industrial 
medicine over the years. Others may have been flashing, colored, or even of greater 
candle power, but none was more constant. That steady, constant light by which so 
many of us took our bearings is gone with the tragic death of Carl M. Peterson. 
“Pete,” as we affectionately knew him, believed in organized medicine; this 
was his 25th year on the staff of the \merican Medical Association. He believed 
in that section of our code of ethics which says, “The avowed objective of the 
profession of medicine is the common good of mankind.” He knew that it applied 
equally to workmen and bosses, and he set his goals in this direction. Little by 
little he made progress, some years more, some less. He knew that the sociological 
progress of medicine is slow and depends largely on the worthiness of objectives 
clearly understood and constantly in sight. During the bad years when little 
progress was made, we never heard him complain. Nor did he blame anyone, 
unless himself. He quietly found another angle of approach and pointed it out 
to us. During the good years when much progress was made, he was so surprised 
and delighted that he had a ready list of those deserving credit, including everyone 
but himself. 

A quiet fellow, this “Pete.” He listened more than he talked. He was remark- 
ably permissive for one who had studied his field so thoroughly and might well 
have had fixed notions as to what was wrong and what ought to be done. He had 
empathy to such a degree that he made each of us feel that our opinions were of 
the utmost importance to him and to the future course of industrial medicine. 
But when we had all been listened to, and questioned, and sometimes challenged 
gently, it was Carl Peterson who pulled our thoughts together, summarized our 
common goal, stated the choices succinctly, and asked our vote on the question 
at hand. A rare quality this, and one so essential to the successful medical 
administrator. 

Now that he’s gone, we suddenly awaken to the great affection we had for 
him. Thoughtful, kind, never critical, always helpful, jolly, congenial, and friendly 
to all alike, he quietly and quite unconsciously won our hearts. He would awaken 
cheerfully to a 3 a. m. phone call and help a friend without reservations find a 
room as readily as he would organize a breakfast meeting for 7:30 that same 
morning. As someone said, who was puzzled by the depth of his grief, “We lost 
someone we loved.” 

Carl Melancton l’eterson was born in Rockford, Ill., Dec. 6, 1899; A.B., Augus- 
tana College, 1921; M.D.. University of Minnesota, 1927; intern, St. Mary’s 
Hospital, Duluth, Minn., 1928; associated with Duluth Clinic, 1929; general 
practice, New London, Minn., 1930. He joined the A. M. A. staff as hospital 


Recorded for publication Oct. 10, 1955. 
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inspector in 1930 and became Secretary of the Council on Industrial Health in 
1938. He was a specialist certified by the American Board of Preventive Medicine ; 
a Fellow of the American Public Health Association, American Academy of Occu- 
pational Medicine, American \cademy of Compensation Medicine, and Industrial 
Medical Association, and a member of the American Medical Association and the 
American Industrial Hygiene Association. He was also a member of the following : 
Medical Committee, Industrial Hygiene Foundation of America; Medical Advisory 
Committee, UMWA Welfare and Retirement Fund; Medical Committee and 
Executive Committee, The President’s Committee on Employment of the Physically 
Handicapped; Medical Advisory Council, American .\ssociation of Industrial 
Nurses; Expert Advisory Panel on Occupational Health, World Health Organiza- 
tion; United States Committee, Permanent International Commission on Industrial 
Medicine; Committee for Industry, Industrial Council for Tropical Health; 
Rehabilitation Committee of the Council on Community Service and Education, 
American Heart Association; Committee on Industrial Health, Illinois State 
Medical Society ; Medical \dvisory Committee, Common Cold Foundation ; Publi- 
cation Committee, American Academy of General Practice, and Editorial Board, 
A. M. A. Arcuives or INpustRiAL HeaLtu. He served as Chairman of the Com- 
mittee on Occupational Health Services of the World Medical Association and 
was Secretary of the Interim American Board of Occupational Medicine, which 
led to the inclusion of occupational medicine in the \merican Board of Preventive 
Medicine. He was author of numerous articles on educational aspects of indus- 
trial health. 


On Dec. 30, 1924, he married Barbara Kempe, who became his constant 
companion, partner, confidant, adviser, and assistant. Her charming presence 
enlivened the social aspects of any meeting. For a long time after her untimely 
death, in 1950, we felt that something was missing from our meetings. We all 
knew Carl did too, but his footsteps never faltered; his guiding light burned on. 
His remaining years were wholly devoted to his job and to making a happy home 
for his two charming daughters—Natalie, a junior at Wellesley, and Judith, a 
senior in Palatine Township High School. Another home might have been 
destroyed by the loss of such an understanding and devoted mother as Barbara 
Peterson, but not Carl's. Notwithstanding his heavy travel schedule, he managed 
with the early and intermittent help of his sisters to surround his daughters with 
the warm affection, wisdom, and security of which he was so capable. He is sur- 
vived by five sisters: Miss Ruth Peterson, Mrs. Priscilla Lonsway, and Mrs. 
Eleanor Anderson, of Rockford, Ill.; Mrs. Mildred Beckstrom, of Coral Gables, 
Fla., and Mrs. Edna Johnson, of Riverside, Calif. 


Carl had just finished one of his best years. The Council had completed its 
fall meeting in Houston, Texas, complementing the Eighth Annual Industrial 
Conference and honoring the Texas Medical Association and its newly appointed 
Council on Industrial Health. He had operated one of the most successful of the 
annual congresses on industrial health in Washington, D. C., in January. He 
reported with justifiable pride that the Council was well represented on the Board 
of Trustees’ Commission on Medical Care Plans and on the Trustees’ Labor- 
Management Liaison Committee, of which he was Secretary. The report of the 
Joint Committee on Medical Care for Industrial Workers, after two years’ work 
and many revisions, had been approved for submission to the House of Delegates. 
The report of the Committee on Workmen's Compensation, after many revisions, 
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had been approved for presentation to the House. he Council had just honored 
him for 25 years with the A. M. A. and 17 years with the Council with a brief 
ceremony and modest gift. 

A few of us will long remember our last evening with Carl. The Council 
meeting was over, and he could relax before flying next morning to other Council 
business in Asheville, N. C. He never admitted that he had done a good job. He 
still thought and talked only of the job ahead. But we who knew him saw that 
he was at peace with himself. It was a privilege to have him join us in fun and 
relaxation that last evening. 


So, a light is out! We blink for the moment. We shall find our course again and 
sail on, because Carl M. Peterson established bearings in occupational health 
within and without organized medicine. He kept our eyes turned toward the one 
greatest light of all: “The avowed objective of the profession of medicine is the 
common good of mankind.” We can best express our affection and relieve our 
grief by carrying on the good work to which he gave so much. 


W. P. SHEPARD, M.D. 
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J. D. TORREY, M.P.H. 
and 
P. W. JACOE, B.S., Denver 


The occupational hazards to be found in 
the mining of uranium on the Colorado 
Plateau are not different from those which 
would be anticipated, except for the size of 
the operations. The average number of work- 
ers per mine is three to four. Any mine 
employing 10 persons is a large mine, and 
the number of mines employing more than 
25 persons can be counted on one’s fingers. 

However, the problems are multiplied 
because of geographical location, lack of 
water, lack of electrical power, and many 
other shortages. Distance and isolation are 
the rule rather than the exception. All these 
shortages add up to serious proportions. The 
lack of free exchange of ideas hampers a 
solution of many problems by the individual 
as well as by associated groups. 

After five years of study, the problems 
have been segregated as follows and in the 
approximate order of their seriousness: (1) 
internal alpha radiation, (2) dust, (3) effects 
(4) 
miscellaneous hazards, and (5) combinations 
of any of the above items. A short discussion 


of uranium and vanadium as metals, 


Recorded for publication March 28, 1955. 

Industrial Hygienist (Mr. Torrey) and Chief, 
Environmental Health Services (Mr. Jacoe), Colo- 
rado State Department of Public Health. 

Presented at 17th Annual Meeting of American 
Conference of Governmental Industrial Hygienists, 
Buffalo, April 26, 1955. 


ining Operations on 


of each of these categories will clarify the 
individual problems. 


INTERNAL ALPHA RADIATION 


Internal alpha radiation has been sus- 
pected as a causative agent in the high inci- 
dence of lung cancer deaths in certain of the 
Kuropean mines. Specifically, radon gas was 
considered to be the responsible material. 
However, further thinking and experimental 
work, coupled with theoretical deductions, 
indicated a complex scheme. Bale and asso- 
ciates * developed the concept of radon in 
equilibrium with its daughters (RaA, RaB, 
Rat, RaC’) being breathed by the 
miner. Calculations now indicate that radon 


and 


delivers only 0.1% of the energy to the lung 
tissue, while the daughters are responsible 
for the delivery of the remaining 99.9%. 

Holaday and his co-workers ' have devel- 
oped field methods of measuring the air- 
borne daughters by filter-paper techniques. 
Tsivoglou, Ayer, and Holaday * also devel- 
oped field methods for determining the 
degree of equilibrium of radon and _ its 
daughters in mine atmosphere. 

From the energy expended in the lungs 
by the absorption of alpha particles, a con- 
cept of a maximum permissible concentration 
can be estimated, and control measures can 
be instigated to maintain the concentration 
below this level. At the present time the 
actual number is under discussion and will be 
announced very soon. Tsivoglou and Ayer * 
have shown that the concentration of radon 
and its daughters can be controlled by venti- 


* Bale, W. F.: Hazards Associated with Radon 
and Thoron: Unpublished data. 
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lation methods. Other control methods are 
the sealing off of the mine areas by coating 
the walls with some material that can be 
readily applied, isolating the worked-out por- 
tions by Bradish cloth or some equivalent, 
or the recirculation of filtered air, which 
removes the daughters. At the present time 
ventilation appears to be the most economical 
method of controlling the concentration of 
radon and its daughters. Many of the mines 
have already installed auxiliary mechanical 
ventilation, with subsequent improvement of 
mine atmosphere conditions. 


DUST 

Dust is the second consideration on the 
above list. Most of the uranium ores on the 
Plateau occur in sedimentary rock. The silica 
content varies from 30% to 70% free silica. 
Since the majority of mines are neither dry 
nor wet, but moist, the air-borne dust is not 
a major problem. Actual dust counts in the 
mines seldom run as high as 20,000,000 
particles per cubic foot of air in the size range 
considered to be harmful. 

Chest x-rays taken in the medical study 
so far have turned up some lung pathology. 
Analysis of the work histories has shown 
previous hard-rock mining experience in 
nearly every questionable chest x-ray. We 
believe that actual exposures in the uraniuin 
mines are neither sufficiently high nor long 
enough to have produced any damage at this 
time. 


EFFECTS OF URANIUM AND VANADIUM 
AS METALS 

The effects of uranium and vanadium com- 
pounds were also considered in the present 
study. Urinary and blood levels for uranium 
indicate very little absorption or excretion. 
The same findings have been observed for 
vanadium. Analysis of the dust in the mines 
indicates relatively low concentrations of 
uranium and vanadium compounds. 

The data so far available give a median 
value of urinary uranium for miners of 2.5y 
of Us;Og per liter. The values for vanadium 
are of the same order of magnitude and do 
not suggest any immediate hazard. 
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MISCELLANEOUS HAZARDS 


The consideration of miscellaneous hazards 
is more complex and more easily overlooked. 
Many of the mines are presently using Diesel 
equipment underground. The obvious haz- 
ards here are oxides of nitrogen and alde- 
hydes. Analysis of many samples has not 
exceeded the M. A.C. values for these two 
materials; bowever, eye irritation was ob- 
served in dead-end drifts and in other areas 
where ventilation was not sufficient to re- 
move the fumes. 

Two severe carbon monoxide poisonings 
have been reported in Colorado by the use 
of gasoline-operated pumps during emer- 
gency pumping operations. 

Powder smoke is ever present and more 
so in small, inadequately ventilated mines. 
Since most of the development work is done 
from drill hole to drill hole and along spo 
radic veinlets, drifts and haulageways are 
apt to be tortuous and extensive in length. 
and this further prevents air movement. 

Recirculation of contaminated air is easily 
accomplished. Several instances in which the 
air intake of the fan and the exhaust pipe of 
a gasoline engine were separated by only 2 
or 3 ft. have been observed. These conditions 
have been corrected, and the situation no 
longer exists. 

A fundamental misconception carried over 
irom standard mining practice is the delivery 
to the working face by auxiliary blowers of 
air picked up in the underground workings. 
This air must be outside air or filtered air 
from the mine. This point must be clearly 
understood. Radon is being released continu- 
ously to the mine air throughout the entire 
workings of the mine 24 hours a day year 
aiter year. The amounts vary from 50pue to 
100,000upe per liter. The daughter concen- 
tration may average 80% of this value. Since 
the ventilation process is essentially a process 
of dilution of contaminant, it will be impos- 
sible to remove the contaminant by diluting 
it with air that is as high or higher with 
respect to the contaminant ; hence the justifi- 
cation of outside air or filtered air to be 
delivered at the working face of the mine. 
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CRANIUM MINING OPERATIONS 

Since the uranium ore, as found on the 
Colorado Plateau, forms a radioactive series 
with many different elements, other members 
of the series must be considered, Radium is 
the best-known member of this series, and 
measurements have been made on dust 
samples taken in the mines, with the follow- 
ing results. Some 400 samples were screened, 
and approximately 150 samples were ana- 
lyzed chemically for radium. Ten per cent 
of these samples were above the M. .\. C. for 
radium (810° we per liter). This work is 
currently going forward to determine the 
actual radium levels in the mines. 


A study is also progressing to determine 
whether or not there is any relationship 


hetween radon exposure and urinary polo- 
nium excretion. There are not sufficient data 
to report on the results of this work as yet. 


COMBINATIONS OF ANY OF THE ABOVE ITEMS 

A consideration of the effects of any or 
all of the above-mentioned hazards is impos- 
sible to evaluate objectively. Personal cleanli- 
ness, diet, working environment, length of 
exposure, and other complicating factors are 
certainly involved. As an example, it is re- 
ported that the attack rate for tuberculosis 
is as great or greater than it was in 1900, 
notwithstanding the improvement in social 
and economic levels, working hours, diet, 
housing, ete. 

All these factors, as well as others, must 
enter into the consideration of the hazards 
encountered in the mining of uranium ore. 
We cannot neglect the extremely high lung 
cancer fatality rate among the European 
miners working with similar materials. The 
factors are clear; the average working time 
and age at development of lung cancer in 
Europe are known. Statistically, the sample 


in this country is too small to draw any valid 
conclusions from as yet; however, we do not 
anticipate a duplication of the European 
experience, because we have a more complete 
understanding of the problems and the steps 
that are necessary to reduce the exposures 
of men to these hazards. 


SUMMARY 


The studies to date indicate that the pri- 
mary hazard involved in mining uranium 
arises from the alpha emitters of radon, RaA, 
and RaC’. It is further indicated that the 
most economical way to control the hazard 
is by well-planned ventilation. This calls for 
an engineering study of the actual, as well 
as the anticipated, mining operations, to 
choose the type of ventilation required. In- 
clines, shafts, and stope mines will require 
different ventilation systems, dependent upon 
the size, distance, and other factors, and 
these factors must be considered before the 
choice of a method can be made. Further- 
more, each mine offers a unique problem in 
itself and must be considered from this stand- 
point. 
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Labeling rogram 


SANFORD J. HILL, Wilmington, Del. 


The Manufacturing Chemists’ Association 
considers it an honor and a privilege to be 
invited to participate in your annual meeting. 
An opportunity to present the Association's 
views on the preparation of labels for hazard- 
ous chemicals is always appreciated. 

Industrial hygienists are well aware of 
the tremendous increase in the use of chemi- 
cals in all fields of activity. Each year brings 
the announcement of many new and impor- 
tant chemicals—usually polysyllabic 
names. The tonnage of chemicals and allied 


with 


products has grown fantastically in the last 
30 years. It is interesting to note that a 
new chemical or its related compounds may 
be useful in fields as widely separated as 
drugs and rocket fuels. 

After the First World War organic chemi- 
cals appeared in quantity, and in the °30s 
it may be said that we entered an organic 
chemical era which has continued to grow— 
with no end in sight. However, more and 
more developments are now appearing in 
inorganic fields, and there is an increasing 
number of fascinating compounds which 
combine organic radicals 
elements. 


with inorganic 


The member companies of MCA account 
for more than 90% of the tonnage of 


Submitted for publication March 31, 1955. 
E. I. du Pont de Nemours and Company. 


Presented at the 17th annual meeting of the 
American Conference of Governmental Industrial 
Hygienists, Buffalo, April 25, 1955. 
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domestically produced chemicals and under- 
standably have been concerned with the 
various problems which have accompanied 
the growth of the chemical industry. From 
its founding, in 1872, the MCA has pioneered 
in efforts to insure the safe transportation, 
handling, and use of chemicals. It has con- 
tributed much to the excellent safety record 
of chemical manufacturers who have proved 
that chemicals can be 
handled safely. 


manufactured and 


As chemical products multiplied and, 
especially in the organic group, grew more 
complex, it became increasingly evident that 
appropriate labeling was necessary to insure 
safe handling and use by customers possibly 
with 
products. In the early 30s existing laws 


unfamiliar the properties of new 
and regulations covered only small groups 


of chemicals. The Federal Caustic Poison 
Act and the various state poison and phar- 
macy acts were chiefly directed to the label- 
ing of household packages and relied in 
most cases wholly on the word POISON to 
warn the user. Since most of the chemicals 
covered by these laws are hazardous mainly 
by ingestion, the laws have met an existing 
need but are hardly adequate for today’s 


products. 

In lieu of the enactment of federal labeling 
legislation proposed in 1932, a series of 
voluntary agreements covering the labeling 
of six chemical products or groups was de- 
veloped by the Surgeon-General with the 
cooperation of an industry committee. These 
agreements served a very useful purpose from 
1934 until their discontinuance in 1952. Dis- 
continuance came as the result of the intro- 
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MCA LABELING PROGRAM 


duction of a large number of new and in many 
cases hazardous products not covered by the 
agreements and by the existence of the 
Manufacturing Chemists’ .\ssociation’s Man- 
ual L-1, “Warning Labels,’ which was 
considered to provide for more appropriate 
warning labels for all products requiring 
them. The U. S. Public Health Service re- 
activated the Chemical Products Agree- 
ments Committee to work with the MCA 
in evaluating label requirements. 

The Association’s labeling program as we 
know it today may be said to have started 
in 1936 with the issuance to MCA member 
executives of a booklet entitled “A Confi- 
dential Report on Adequate Labeling: Its 
Importance to the Chemical Manufacturer.” 
This report made recommendations for ade- 
quate labeling and also discussed ‘The 
Manufacturer’s Duty as Interpreted by the 
Courts.” Many companies then embarked 
upon warning label programs of their own. 


As the magnitude of the labeling problem 
became more apparent, it was recognized 
that concerted action to achieve uniformity 
was necessary. In April, 1944, a permanent 
MCA committee was appointed to handle 
che problem. The Labels and Precautionary 
Information Committee (promptly called 
the LAPI Committee) met for the first 
time on May 17, 1944. To secure a realistic 
approach to the problem at hand, the mem- 
bers were selected to include chemists, 
chemical engineers, physicians, toxicologists, 
lawyers, and salesmen. Later, specialists 
were consulted when certain unusual chemi- 
cals were up for discussion. 

As a charter member of this group, | 
should like to say that the zeal evidenced 
by the committee in developing a labeling 
program has been outstanding and _ the 
11-year history of the group would make 
an interesting story in itself, but I shall 
move on to a discussion oi the results as 
they are embodied in the Association’s Man- 
ual L-1, “Warning Labels: A Guide for the 
Preparation of Warning Labels for Hazard- 


ous Chemicals.”* The third revision of this 
Manual was published in 1953, and a new 
edition is scheduled for 1956. The Manual 
consists of three parts: Part I, Principles; 
Part II, Illustrative Warning Labels for 
Industrial Chemicals, and Part III, Illustra- 
tive Warning Labels for Economic Poisons 
( Pesticides ). 

Part I covers principles and, together 
with the introduction, is the most important 
part of the manual. The basic ideas and 
philosophy expressed therein have received 
the approval of most groups concerned with 
labeling. Parts II and III consist of illustra- 
tive labels, developed from the theory of 
Part |, for two selected groups of chemicals. 

In developing principles and a plan for 
labeling chemicals, the LAPI Committee 
recognized that the most innocuous chemical 
may be hazardous if grossly misused and 
the most hazardous chemical may be used 
with safety if appropriate precautionary 
measures are observed. You have heard 
many times of the hazards of common salt 
and even water when used to excess, and 
you also know that cyanides are used in 
tonnage quantities with an excellent safety 
record. Thus our program is_ primarily 
directed to the normally anticipated indus- 
trial uses of chemicals, but it may be adapted 
to special situations. 

It is most important that any plan of 
labeling achieve a gradation of hazard, so 
that a given label will indicate the properties 
of the chemical in relation to other chemicals. 
It is just as misleading to overlabel as it 
is to underlabel. A warning label drafted 
according to our plan will consist basically 
of three parts: (1) a signal word, DAN- 
GER!, WARNING!, or CAUTION!; (2) 
a statement of hazard, such as VAPOR 
EXTREMELY HAZARDOUS, CAUSES 
BURNS, or RAPIDLY ABSORBED 
THROUGH SKIN, and (3) precautionary 


* Manual L-1, “Warning Labels: A Guide for 
the Preparation of Warning Labels for Hazardous 
Chemicals,” is published by the Manufacturing 
Chemists’ Association, Inc., 1625 Eye St.. N. W.. 
‘Washington 6, D. C. Price, $1.00. 
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measures, such as “Do not breathe vapor,” 
“Keep away from heat and open flame,” or 
“Avoid contact with skin and eyes.” To aid 
in the selection of appropriate terms, the 
Manual includes a table of suggested 
phrases. Admittedly the choice of DAN- 
GER!, WARNING!, or CAUTION! may 
have to be somewhat arbitrary on occasion, 
but it seems to have caused little difficulty 
in practice. The illustrative labels in Parts 
If and III of the Manual are helpful for 
this purpose. 

Earlier I mentioned that the Federal 
Caustic Poison Act and certain state laws 
require the display of the word POISON, 
usually with skull and cross bones. The 
MCA plan provides for the use of POISON 
with skull and cross bones as part of the 
statement of hazard, where appropriate. 
However, the Association believes that 
POISON should be strictly limited to those 
substances which fall within the definition 
set forth in the Manual. This definition and 
its prefatory note are worthy of considera- 
tion by your group. They read as follows: 


Norte: The true determination of the “poisonous” 
properties of a chemical, or mixture of chemicals, 
must be based on its effect on humans. The collec- 
tion of adequate data from human experience is 
usually impossible. In the absence of such data it 
is desirable to establish for labeling purposes some 
arbitrary standards based on past experiences and 
some methods of testing which will permit the 
presumption of the possible hazards inherent in a 
given product. The use of laboratory animals for 
this purpose is now considered the most reliable 
method generally available when conducted under 
controlled conditions. 

A poison is commonly to be a 
with which will lead to fatal 
results, usually in a short period of time. Generally 
only oral intake has been considered. It is becoming 
more generally that other 
modes of contact or routes of entry, in particular 
inhalation and absorption through the skin, may 
have similar fatal effect. Any use of the term 
should, therefore, 
routes of entry. 


understood 
product, contact 


recognized, however, 


consider these three common 
Porson : A chemical, mixture of chemicals, which 
falls within any of the following categories: 
(a) Produces death within 48 hours in half or 
more than half of a group of 10 or more laboratory 


white rats weighing 200 to 300 gm. at a single dose 
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of 50 mg. or less per kilogram of body 
when administered orally ; or 

(>) Produces death within 48 hours in halt or 
more than half of a group of 10 or more labora- 
tory white rats weighing 200 to 300 gm., when 
inhaled continuously for a period of one hour or 


weight, 


less at an atmospheric concentration of 2 mg. or 


less per liter of gas, vapor, mist, or dust, pro- 
vided that such concentration is likely to be en- 
countered by man when the chemical product is 
used in any reasonably foreseeable manner ; or 

(c) Produces death within 48 hours in half or 
more than half of a group of 10 or more rabbits 
tested in a dosage of 200 mg. or less per kilogram 
of body weight when administered by continuous 
contact with the bare skin for 24 hours or less. 

If available data on human experience with any 
chemical in the above-named concentrations indicate 


results different from those obtained on animals, 


the human data shall take precedence. 


This definition was drafted by LAPI 
Committee physicians and toxicologists after 
much study to provide a widely applicable 
test for the many new chemicals that must 
be evaluated for toxicity to give information 
for labels. It has gained wide acceptance 
and has been adopted with little, if any, 
change by several regulatory bodies. Of 
necessity the definition is arbitrary and 
may be revised as the science of toxicology 
advances. You will note that data on human 
experience, when available, take precedence 
over animal data. .\ number of common 
chemicals that in the past were tabeled 
Poison for want of more appropriate warn- 
ing statements might properly be reclassified. 

The MCA believes that by limiting the 
use of POISON to products coming under 
the definition the significance of the term 
is enhanced. MCA phraseology for products 
outside this group provides precautionary 
statements which certainly should command 
attention. For example, the label for carbon 
tetrachloride in the MC.\ Manual reads as 
follows : 


DANGER! HAZARDOUS VAPOR AND LIQUID 
MAY BE FATAL IF INHALED OR SWALLOWED 
Use only with adequate ventilation. 
Do not breathe vapor. 
Avoid prolonged or repeated contact with skin. 


Do not take internally. 
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This label is more positive and informative 
than POISON would be, with its implication 
to many that ingestion is the only hazard. 
Most of the deaths from carbon tetrachloride 
are caused by inhalation. The MCA Manual 
emphasizes that a label should always include 
the common chemical name of the hazardous 
chemical or at least a truly descriptive generic 
name. Proper identification of the product 
and the name and address of the manufac- 
turer or distributor are important parts of 
an adequate warning label. 

Mixtures present a real labeling problem 
which can be solved only by knowing the 
properties of the product. To obtain this 
information may be costly and_ time- 
consuming, but a manufacturer or distribu- 
tor has the inescapable responsibility of 
knowing the properties of any product he 
sells. 

Although the MCA program, as_ illus- 
trated by Part II of the Manual, is directed 
primarily to the labeling of industrial chemi- 
cals, it has been found that the principles 
are generally applicable to small-package 
labeling and experimental samples. .\ com- 
mittee of the Chemical Specialties Manufac- 
turers Association is working on the labeling 
of household products and ways of applying 
the MCA principles thereto. Directions for 
use are usually an important addition to 
small packages and may convey information 
for proper use which supplements the pre- 
cautionary statements. The CSMA_ com- 
mittee’s first paper on labeling, “Impressions 
of Copy Control,” is available on request. 
More detailed assistance for small-package 
labeling will be included in its next publica- 
tion, now in preparation. 

Part III of the MCA Manual provides 
illustrative labels for many pesticides. It 
was prepared after the passage of the Fed- 
eral Insecticide, Fungicide, and Rodenticide 
Act of 1947. This act requires adequate 
warnings for the labels of an important group 
of chemicals, and the MCA labels have the 
informal approval of the United States De- 
partment of Agriculture and are consistent 
with its Interpretation 18. 


The objectives of the MCA in developing 
the warning labels program have largely 
been attained. Industry has voluntarily 
adopted the program to a remarkable degree, 
although we must admit that much remains 
to be done in a few areas. Laws and regula- 
tions passed in the last 10 years have been 
consistent with the program. California, 
Illinois, New Jersey, Oregon, New York 
(State and City), and Hawaii have regula- 
tions based upon the MCA principles. A 
committee of the International Association 
of Governmental Labor Officials has de- 
veloped a “Suggested Draft for Uniform 
Rules and Regulations Relating to the Label- 
ing for Use, Handling, and Storage of 
Containers Holding Substances Harmful to 
the Safety and Health of Employees.” It 
should be stated that current state regula- 
tions generally apply to materials supplied 
to employees by employers. 

It is gratifying to note that at its 1952 
meeting the American Conference of Gov- 
ernmental Industrial Hygienists adopted a 
resolution which gave approval to the prin- 
ciple of uniformity in labeling. Likewise, 
the first six points of the opinion set forth 
in the 1954 Interim Report of the ACGIH 
Committee on Labeling Procedures are in 
accord with current regulations and the 
MCA program. The last two points of the 
opinion indicate only minor differences in 
thinking, which no doubt can be resolved. 

There are great advantages to all con- 
cerned in a uniformly acceptable plan for 
labeling hazardous chemicals. It would make 
it much easier to educate the public to under- 
stand the significance of label warnings. 
Much must be done by industry and regula- 
tory bodies to further the education of the 
consumer. Considerable progress is being 
made in this direction. 

Chemical products should be understood 
by the public to be hazardous on occasion 
and to require care in handling, just as do 
edged tools or electrical and mechanical 
devices. No warning labels come with chisels 
or electrical devices, and accidents resulting 
from their use do not normally make head- 
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lines. However, | hasten to add that chemi- 
cals will always, in my opinion,’ require a 
certain minimum of precautionary labeling, 
because their properties cannot be deter- 
mined by visual inspection and the user is 
entitled to know of hazards which he may 
encounter. \ signal word and statement of 
hazard should really suffice, and precau- 
tionary statements listing do’s and don'ts 
should gradually become unnecessary. To 


follow DANGER! MAY BE FATAL IF 


SWALLOWED with “Do not take inter- 
nally” or WARNING! VAPOR HARM- 
FUL with “Avoid breathing vapor” seems 
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ii the ot 


hazard is taken seriously. 


somewhat redundant 


statement 


The Manufacturing Chemists’ Association 
believes that the philosophy of labeling ex- 
pressed in the Manual, with appropriate 
modifications, is applicable to any chemical 
labeling problem. The Association is most 
willing to work with any interested group 
to the best of its ability. 

It has been a pleasure to give you this 
brief description of the MCA labeling pro- 
gram and to enjoy the hospitality of your 
Association. 
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FREDERICK B. OLESON, M'Sc., Upton, L. N. Y. 


At Brookhaven National Laboratory solid 
radioactive wastes are packed for ultimate 
disposal in concrete-lined 55 gal. steel drums, 
the thickness of the concrete being chosen 
with regard to the activity level in order to 
facilitate handling. Where the activity con- 
sists mainly of one or a few isotopes with 
known decay schemes, it is possible to arrive 
at an estimate of total activity with the use 
of an ordinary survey instrument by making 
allowance for self-absorption in the wastes 
and the shielding of the concrete. Measure- 
ments of the broad-beam shielding effect of 
various thicknesses of concrete liners have 
been made for gamma rays from Co", Ra, 
and Cs'*7, As an example of the application 
of the method, the determination of the ac- 
tivity of some filters used in decontaminating 
the water in the Brookhaven reactor canal 
is described. 


MEASUREMENT OF EFFECTIVE ABSORPTION 
COEFFICIENT 

As shown schematically in Figure 1, the 
attenuation of gamma radiation by the con- 
crete is measured under broad-beam condi- 
tions, using an ionization chamber and a 
vibrating reed electrometer. A 100 me. 
source of Cs'*? was placed inside an empty 


Recorded for publication Jan. 31, 1955. 

This work was done under the auspices of the 
U. S. Atomic Energy Commission. 

Presented at the 15th Annual Meeting of the 


American Industrial Hygiene Association in Chi- 
cage, April 26-29, 1954. 
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BLOCK DIAGRAM OF INSTRUMENTS USED 
TO MEASURE R/HR PER 
CURIE AT ONE FOOT 
FIGURE 1 


RADIUM 


IONIZATION CURRENT ARBITRARY UNITS 


| L | | | 
2 3 5 6 7 8 
CONCRETE THICKNESS IN INCHES 


ATTENUATION OF GAMMA RADIATION IN 
CYLINDRICAL CONCRETE SHIELDING 
FIGURE 2. AS FUNCTION OF THICKNESS 


steel drum at a distance of 4 ft. from the 
center of the chamber, and the ionization 
current was recorded. Then, without alter- 
ing the distance from source to chamber, a 
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TasLe 1.—Absorption Coefficients per Inch for 
Gamma Radiation in Concrete 


Effective 
Absorption 
Coefficient, 
Linear Cylindrical 
Absorption Shield 
Isotope Coefficient one’ * 
0.39 0.20 
*This means outside diameter of 22 in. and is econven- 


tional.—Ed. 


barrel with a particular thickness of concrete 
lining was placed so that the source was at 
the center of the barrel. The barrel was then 
turned slowly at a uniform rate through 
one complete revolution, the ionization cur- 
rent being recorded as a function of angular 
position by the Esterline-Angus recorder. 
This procedure is necessary because of the 
variation in the concrete thickness and com- 
position. A numerical integration was per- 
formed to get the average current corre- 
sponding to a particular thickness of con- 
crete. In addition to Cs’, 
and Co*® sources were used. 
the ionization current 
plotted as a function of concrete thickness. 
Table 1 shows the values of the effective 
absorption coefficients calculated from these 
data for cylindrical shielding geometry as 
compared with published values for linear 
absorption coefficients. 


small radium 


Figure 2 shows 


IDENTIFICATION AND MEASUREMENT OF 


ACTIVITY IN CANAL FILTERS 


The major source of solid and liquid radio- 
active wastes is a water-shielding facility 
or canal at the reactor. Spent or leaky fuel 
elements are dropped into the deep end of 
this facility as they come out of the pile and 
later are chopped up into smaller pieces for 
shipment. The water becomes highly con- 
taminated and is continuously circulated 
through filters in an attempt to remove as 
much radioactivity as possible. Periodically, 
some of the water is pumped to an evapora- 
tion plant for concentration. 

In order to determine the activity of the 
canal-water-contaminated filters with a sur- 
vey instrument, it is necessary to know the 
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gamma radiation dose rate at a particular 
distance from a known amount of such ac- 
tivity. To measure such activity by absolute 
beta counting, for example, it is necessary 
to know the identity of the radioisotopes. 

The radioactive contamination in the canal 
is caused by the intimate contact between the 
water and long-lived fission products. Table 
2' shows the characteristics of significant 
fission products having yields greater than 
0.5%, half-lives longer than 60 days, and 
disintegration energy above 0.1 mev. The 
fission products in the canal must be among 
those listed, because the average time of 
decay is at least one year and most fuel ele- 
ments discharged have been in the reactor 
more than two years. 


The fact that the fuel elements have been 
activated and have decayed for different 
times and that some of the fission products 
may react chemically with water more than 
others makes it impossible to estimate the 
relative activity of the fission products pres- 
ent on a theoretical basis. 

Gamma-emitting fission products possibly 
present are Cs-Ba'*?, Ce-Pm'™*, Ru-Rh’®, 
and Zr-Cb**. To experimentally determine 
which are present and in what relative 
abundance, the gray wedge pulse-height 


2.—Characteristics of Significant 
Fission Products 


Radiation 
Yield, Beta Gamma 
Per Energy, Energy. 
Isotope Cent Half-Life Mev Mev 
Sree 25 yr. 0.61 None 
| 5.8 
Yeo 62 hr. 2.3 None 
ys 54 57 d. 1.53 None 
Zr*® 65 d. 0.39 (98%) 0.73 (93%) 
1.0 (2%) 0.23 (98%) 
6.4 0.92 (7%) 
Cb* 35 d. 0.15 0.76 
Te®* 6.2 1X10® yr 0.3 None 
Rute*® lyr. 0.08 None 
0.5 
30 sec 3.5 (82%) 0.51 (7%) 
(18%) 0.73 (17%) 
1.2 (1%) 
(1137 33 yr. 0.5 (95%) None 
| 6.2 1.19 (5%) 
Ba!87+ 2.6 min. None 0.66 
290 d. 0.35 None 
5.3 
Pris 7.5min. 3. 0.2 
1.2 
Pm?47 2.6 4.4 yr. 0.22 None 


* Arrow indicates decay to radioactive daughter. 
+ Metastable state: excited state that changes to ground 
state without beta emission. 
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Fig. 3.—Gray-wedge spectrogram otf 
rays from canal-water sample and Cs'%* 
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CONCENTRATE 


RELATIVE 


gamma 


analyzer * has been used to obtain a picture 
of the gamma ray spectrum of the actual ac- 
tivity. This photograph, shown in Figure 
shows that over 95% of the gamma ac- 
tivity is due to Cs'**. This can be explained 
hecause of the high chemical reactivity of 
cesium in water compared with other fission 
products. The chemical reaction is 
The bubbles rising to the surface of the canal 
were analyzed spectrographically and were 
found to be composed mostly of hydrogen as 
expected. 


An analysis of the beta activity, using 


aluminum absorbers, indicated the presence 
of a soft beta emitter, probably Pm'**, and 
a more energetic beta emitter 


(«2 
max.), which was probably Sr-Y°’. The 
alpha activity present amounted to less than 
1% of the total. 


MEASUREMENT OF R PER HOUR AT 
PER CURIE 


ONE FOOT 


ALLOWING FOR SELF-ABSORPTION 
The activity having been established to 
consist mainly of three fission products which 


* References 2 and 3. 


emit detectable betas for each disintegration, 
as shown in Figure 4, it was possible to 
measure the activity of the canal-water con- 
tamination by beta counting. Filters were 
then soaked with 16.5 liters of a concentrated 
sample prepared by the liquid-waste evapora- 
tion plant. The activity of the concentrate 
was 6.70 « 10° curies per milliliter. These 
filters were placed in a cylindrical pail having 
the dimensions of the most frequently used 
concrete-lined cavity. The gamma dose rate 
at a distance of 4 ft. in air from this source 
was measured with the use of the apparatus 
previously described ( Fig. 1). The ion cham- 
ber was calibrated with the use of a 30.0 mg. 
radium source. Thus, it could be shown that 
the gamma dose rate from the canal con- 
tamination was 1.32 r/hr/curie at 1 ft. (rhf). 


It can be shown by using the method oi 
G. W. Morgan‘ that for 1 curie of Cs!" 
the gamma dose rate at 1 ft., /y:, where F is 
the fraction of the disintegrations accom- 
panied by gamma photons and E is the 
energy in mev per photon, is given by 

=6.07C XExl 
—6.07 1 0.661 X0.95=3.82rhf (1) 
1.32 rhf per curie 
indicates the presence and relative abundance 
of pure beta emitters. If self-absorption of 
gamma 


Our measurement of 


the soaked filters is 
neglected, gamma photons accompany only 
33% of the disintegrations instead of 95% 
Thus, 67% of the activity is pure beta decay. 
The ratio of pure beta activity to beta-gamma 
activity is approximately 2.0. 


radiation in 


ESTIMATING 
RATE 


ACTIVITY FROM 
TAKEN OUTSIDE 


BARRELS 


READINGS OF 
DOSE THE SEALED 
To estimate the activity in the sealed con- 
crete barrels from the readings of a gamma 
survey meter, it is necessary to include in 
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the computation the effective absorption co- 
efficient, »’ (in.-'), previously measured. 

(2) 


where 

ly is the gamma dose rate measured at dis- 
tance d in feet from center of the barrel. 

t is thickness of the concrete lining in 
inches. 

Jy; is the dose rate measured at 1 ft. from 
a 1 curie source. For practical reasons, 2 ft. 
has been found to be the minimum desirable 
distance at which to make such measure- 
ments. 


If yz is the dose rate in r/hr. measured 
at 2 ft. 


(3) 


For the canal-contaminated filters in ordinary 
concrete, the activity in curies is given by 

C=3.03XI,» Ke *0.25¢ (4) 
By using values of e*°**t which are given 
in Table 3 for various values of t and meas- 
ured values of /y2, C can be quickly computed. 


TABLE 3.—e *u't Factor to Account for 
Absorption in Shielding 


Concrete 
with 


Ordinary Concrete Limonite 


— Limonite Plus Steel 
Concrete Canal Concrete, Punchings, 
Thickness, Activity Coe? 

t, In. =0.25 w’—0.18 w’—0.27 u’—0.43 
1 1 1 1 
1.28 1.20 1.31 1.34 
1.65 1.43 1.71 2.36 
2.12 1.72 2.25 3.64 
2.71 2.05 2.94 5.57 
3.49 2.46 3.86 9.0 
4.38 2.94 5.05 14.0 
5.75 3.52 6.60 20.3 
7.39 4.22 8.68 31.1 
9.50 5.05 11.3 48.0 

eer 12.2 6.10 14.9 74.0 


ESTIMATING ACTIVITY OF CO*’-CONTAM- 
INATED WASTE 

Co®® is frequently found as an impurity 
in many materials used in routine pile opera- 
tions. When such materials are processed 
for sea burial, it is necessary to have a 
formula which relates gamma dose rates out- 
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side the sealed barrels to the activity inside. 
For Co*, equations (1) and (3) give 
C=0.264XI,, Xeru't (5) 
Again by using measured values of /y2 and 
values of e‘“*t from Table 3, C can be easily 


computed. 
USE OF HEAVY CONCRETE 

Since some of the barrels with waste con- 
taining Co"® impurities were found to have 
contact readings of several r/hr., a study 
was made of the effectiveness of limonite 
concrete, with and without steel punchings, 
in reducing such high-level readings. 

Effective absorption coefficients have been 
measured for a Co source, as described 
above, for the cylindrical shielding conditions 
used. For limonite concrete whose specific 
gravity is 2.8 to 3.0, the effective absorption 
coefficient for Co®® gammas is 0.27 in.'; 
for limonite plus steel punchings, with specific 
gravity of 6.0 to 6.2, it is 0.43 in.'. 

Values of e’“’* for various thicknesses of 
heavy concrete are included in Table 3. The 
procedure for computing C remains the same. 


SUMMARY 


At Brookhaven National Laboratory solid 
radioactive wastes are packed in concrete- 
lined barrels for sea burial. Most of the ac- 
tivity comes from mixed fission products 
over one year old. In order to determine the 
amount of activity thus disposed of, it is 
necessary, in practice, to relate the mr/hr. 
readings of gamma survey instruments at 
a specified distance from the barrels to the 
activity in curies. 

To make this relationship quantitative, it 
has been necessary to obtain a known amount 
of the activity in highly concentrated liquid 
form and to make a measurement of the 
r/hr. per curie of total activity at 1 ft. for 
various thicknesses of the concrete lining. 
An analysis of the gamma-ray energy spec- 
trum using a gray-wedge spectrometer 
showed that over 95% of the gammas had an 
energy of 0.66 mev. This was attributed to 
Cs***-Ba'*? (33 yr.) in the mixture. The fact 
that other gamma energies were not signifi- 
cantly present simplified the problem. On 


c= 

| 

ig 
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theoretical grounds, other isotopes present, 


such as Sr-Y*° (25 yr.) and Pm'** (3.7 yr.), 
have very simple decay schemes and are 
pure beta emitters. Thus, it could be shown 
that every disintegration was accompanied 
by a detectable beta. The beta activity was 
approximately 2.0 times the gamma activity. 
The effective absorption coefficient of 
ordinary and heavy concrete in the cylindrical 
geometry for Co"® and methods for estimating 
the activity of material with Co*’ contamina- 
tion are discussed. 
Health Physics 
tional Laboratory. 


Division, Brookhaven Na 
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Hy drocortisone- Tleomycin or 


JOHN T. McLAUGHLIN, M.D. 
and 


WALTER E. SHECTOR, M.D., Inglewood, Calif. 


Contusions, or bruises, constitute one of 
the commonest types of injury seen by a 
physician, particularly if the patients come 
from an industrial source. In California, 
during both 1952 and 1953, approximately 
10% of all fatal and nonfatal disabling work 
injuries occurring in all industries were con- 
tusions.* As a result of our affiliation with 
a large aircraft company in the Los Angeles 
area, we see a great number of traumatic 
medical cases, and in this regard the fol- 
lowing statistics are of interest. Of some 
38,000 patient visits to first-aid stations in 
this plant during 1953, about 75% were for 
injuries of the hands and fingers.* By and 
large, therapeutic modalities available for 
the surgical cases have proved to be adequate. 
However, in nonsurgical patients with in- 
dustrial injuries, such as persons with con 
tusions, we have found that therapeutic 
agents are often inadequate. This is par- 
ticularly evident when one is called upon to 
treat a contused terminal phalanx. 

If one considers the entire hand and fin- 
gers, it has been our experience that the most 
troublesome and the most difficult contusion 
to treat is the one involving the terminal 
phalanx. A patient with such an injury pre- 
sents a rather typical picture. Usually the 
entire hand is elevated, and the involved 
finger is covered with some form of cold 


Recorded for publication Feb. 22, 1955. 


Attending Physicians, Daniel Freeman Memorial 
Hospital. 


* Personal communication to authors from safety 
engineer of aircraft factory. 
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application. Not infrequently, the entire hand 
is submerged in a pail of water and ice. The 
finger pad is discolored and swollen to the 
extent that the overlying epidermis is taut 
and the normal skin folds obliterated. Flexion 
of the terminal interphalangeal joint aggra- 
vates the pain, and even the lightest pressure 
upon the damaged tissues causes a marked 
accentuation of symptoms. These patients 
often state that the finger feels as though it 
will burst each time the heart beats. Thera- 
peutic modalities currently employed for these 
patients are cold applications, elevation and 
immobilization of the affected part, anal- 
gesics, and sedatives. Unfortunately, these 
agents are often only partially helpful, and, 
moreover, effective use of physical thera- 
peutic modalities requires that they be em- 
ployed continually, a procedure which is 
time-consuming and hence of considerable 
importance to both employee and employer. 
Since a bruised terminal phalanx invariably 
limits the usefulness of the entire involved 
hand, these patients frequently lose one or 
two full workdays, and, in addition, since 
convalescence may last a week or more, their 
efficiency is correspondingly impaired. Physi- 
cal therapy procedures are usually instituted 
during the convalescent phase, and this meas- 
ure further impairs productivity because of 
the time element involved. In such cases, 
physical therapy consists of heat exposure, 
such as whirlpool, microwave, diathermy, 
lamps, etc. The heat souree produces an 
apparent subjective feeling of comfort in the 
affected tissues ; however, we have often con- 
sidered that the time away from work during 
administration of therapy is probably more 
significant than the heat itself. 

As a result of our dissatisfaction with avail- 
able therapeutic modalities for the manage- 


| 
« 
‘ 


HYDROCORTISONE-NEOMYCIN INUNCTIONS 


ment of contusions, we instituted a clinical 
investigative program. As a result of these 
investigations, we have developed a new 
therapeutic approach which is highly effec- 
tive, simple to employ, and not time-consum- 
ing. This report deals only with contusions 
cf the terminal phalanx; however, it is our 
intention to report upon the results of this 
same therapy for contusions of other parts 
of the body at a later date. 

In order to better understand the problem 
of terminal phalangeal contusions, a_ brief 
discussion of the pathological and anatomical 
factors will be presented. The term contusion, 
or bruise, implies laceration of, and hemor- 
rhage into, subcutaneous tissues or deeper 
structures following an external injury which 
leaves the skin apparently intact.* Ecchy- 
motic areas excite an aseptic inflammatory re- 
action which may become secondarily in- 
fected, the organisms either gaining entry 
through a coexisting but nonevident abra- 
sion or being blood-borne from distant foci. 
Inflammation produces elevation of tissue 
tension, with resultant circulatory embar- 
rassment. As a result of the latter, intra- 
vascular thromboses may occur. Lax and 
freely expandable tissues when traumatized 
do not usually develop increases in tension 
of significant magnitude to produce symp- 
toms from circulatory embarrassment. In the 
terminal phalanx, dense fibrous tissue septa 
bind down the skin to the periosteum, thereby 
forming a multiloculated closed sac which 
encompasses the diaphysis. The blood ves- 
sels lie upon either side of the bone in this 
closed space and run parallel with the long 
axis of the diaphysis. Inflammation in such 
a multiloculated closed space, lacking means 
of free egress or expansion, induces a rapid 
and extreme elevation of tissue tension, with 
resultant marked pain and tenderness from 
pressure and ischemia.‘ 

The previously mentioned physical therapy 
agents act primarily by inhibiting augmenta- 
tion of tissue tension, and cold, in addition, 
possesses both local anesthetic and metabolic 
inhibiting properties. Therapy, to be effec- 
tive therefore, requires that elevated tissue 
tension be relieved.’ Since tissue tension 


augmentation is primarily the result of in- 
flammation, we approached the therapeutic 
problem from this viewpoint. Others have 
noted that aseptic inflammatory responses 
are often quantitatively excessive and serve 
no apparent useful purpose. This excessive 
inflammatory response retards rather than 
aids tissue repair, and, moreover, in the en- 
vironment of a terminal phalanx such an 
exudate results in symptoms of a more 
marked nature in comparison with symptoms 
in other areas of the hand and fingers in- 
duced by similar traumatic factors. It was 
suggested that if a new therapeutic approach 
could be found to reduce this excessive in- 
flammatory response beneficial clinical results 
might be realized. The commercial availability 
of a topical anti-inflammatory agent offered 
promise. 

Hydrocortisone prepartions have proved 
to be effective anti-inflammatory agents when 
applied topically.+ There is evidence avail- 
able also which suggests that this agent 
possesses inherent analgesic or anesthetic 
properties, unrelated to its anti-inflammatory 
effects.” We selected the commercial prepara- 
tion Neo-Cortef t 2.5% for clinical trial. 
By applying hydrocortisone topically, sys- 
temic effects, which may be undesirable, are 
thereby apparently avoided.§ Since a con- 
tused lesion may also be infected or may 
become infected, the use of a hydrocortisone- 
neomycin combination seemed to have merit. 
There is no reason why other antibiotics 
could not be incorporated instead of neo- 
mycin; however, we selected this combina- 
tion because of its availability and previously 
reported effectiveness.‘ Moreover, since neo- 
mycin is infrequently administered internally, 
the danger of a subsequent allergic reaction 
from this antibiotic is probably lessened. 

Our routine is as follows. After the his- 
tory and physical examination are completed, 
x-rays of the affected area are taken. The 
patient is then given a 5 gm. tube of Neo- 


+ References 9 and 10. 

£A bland ointment containing hydrocortisone 
acetate and neomycin sulfate available from the 
Upjohn Company, Kalamazoo, Mich. 

§ References 9 and 10. 


389 


ant 
= 
+ 
. 
oe 
Va 
he 
— 
¢ 


M. 


Cortef and instructed in the proper technique 
of its application. The tube is squeezed until 
a column of ointment 4¢ to % in. high ex- 
tends above the opening. This amount of 
medicine is more than adequate for one 
thorough inunction. The medicament is 
gently rubbed into the affected area for a 
minimum period of two minutes, timed with 
a watch. 

The time element is extremely important, 
since if the medication is not rubbed in for 
a sufficiently long period no therapeutic re- 


A, terminal phalanx of left thumb contused by closing car door. 
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severer the symptoms, the more frequent the 
inunctions. As a rule, the first application 
immediately produces considerable or com- 
plete subjective relief of pain and throbbing. 
Patients state that the finger feels numb or 
anesthetized and are able to hold the hand 
by the side of the body in the dependent 
position without difficulty, whereas formerl) 
such a position was intolerably painful. Sub- 
jective relief precedes the appearance of gross 
clinical changes in the traumatized tissues 
by several hours. The earliest gross clinical 


This picture was taken 


18 hours after injury and immediately before therapy was initiated. In comparison with normal 
right thumb, note swelling, discoloration, and diminished prominence of skin folds. 

B, this picture was taken 24 hours after the first one. During this interval, six successive 
hydrocortisone-neomycin inunctions were employed. Note almost complete normalization of 


left thumb. 


C, terminal phalanges of right middle and ring fingers contused by hammer. This picture 
was taken two hours after injury and immediately before therapy was initiated. In comparison 
with normal left phalanges, note swelling and marked discoloration. 

D, this picture was taken 48 hours after the first one. During this interval, 10 successive 
hydrocortisone-neomycin inunctions were employed. Note almost complete normalization of 


injured phalanges. 


sults will appear. By employing the inunction 
procedure, sufficient medication will be forced 
mechanically into the tissues by way of the 
openings of some of the skin appendages.’ 
The inunctions are repeated on a one-to-three 
hour basis during the waking state. The 
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change is reduction of edema, which is usu- 
ally apparent within 6 hours and considerable 
by the 24-hour interval. This point is well 
demonstrated in the photographs of the con- 
tused thumb. Swelling is usually insignifi- 
cant within 48 to 72 hours, as is clearly 
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demonstrated in the photographs of the con- 
tused fingers. Color changes, as a rule, dis- 
appear more slowly, particularly in the sub- 
ungual area. 

The course of clinical events we have noted 
in all our cases agrees with previously re- 
ported observations. Lattes and associates ° 
have observed an apparent lack of gluco- 
corticoid effect in the initial few hours fol- 
lowing the induction of tissue inflammation 
in animals that had been pretreated with 
cortisone, and Benjamin and Cornbleet * have 
noted that injected hydrocortisone produces 
analgesia or anesthesia even before injected 
procaine hydrochloride, and it is suggested 
that this effect is independent of the anti- 
inflammatory properties of this hormone. 
From our own observations it would appear 
that hydrocortisone possesses local anesthetic 
properties when applied topically as an inune- 
tion, at least so far as the acutely inflammed 
distal phalanx is concerned. 

We are unable, at present, to explain the 
mechanism of this action. To date, 15 pa- 
tients have been treated by this method, and 
all have obtained remarkably prompt relief. 
In general, the inunctions are carried out for 
24 to 48 hours, although in a few cases only 
two or three successive applications were 
required to maintain complete relief. All the 
patients have been able to return to work 
immediately after the first application of the 
ointment, and, moreover, they have been able 
to resume their work without significant 
hindrance. They have been able to apply the 
ointment while at work. None have required 
the use of elevation and immobilization, cold 
applications, analgesics, sedatives, physical 
therapy, or surgical intervention. It is inter- 
esting to note that in none of our cases has 
significant subungual ecchymosis appeared, 
and hence surgical decompression, such as 
drilling the nail, has never been required. 
Since suburigual ecchymosis usually appears 
in most cases of contused terminal phalanges, 
we have felt that hydrocortisone inunctions 
are responsible for preventing or minimizing 
this usual clinical finding. To date, we have 
noted no complications from this therapy. 
Since we have been able to study many pa- 
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tients with this entity, both before and since 
the introduction of hydrocortisone-neomycin 
inunctions, it is our feeling that comparison 
proves the effectiveness of this new thera- 
peutic approach. So far as control studies 
are concerned. we have been able to observe 
only one patient satisfactorily. This patient 
had contused two terminal phalanges simul- 
taneously. She was given the ointment to be 
applied to only one phalanx. At the end of 
24 hours, the treated area, which had been 
more severely contused, was essentially 
asymptomatic, while the untreated phalanx 
was still painful and throbbing. Other patients 
with two simultaneously contused terminal 
phalanges, observed for control purposes, 
were not reliable, since they stated that they 
could not refrain from using the ointment on 
the control phalanx, since the relief they ob- 
tained from the treated area was too gratify- 
ing. 
COMMENT 

The most difficult type of contusion of the 
hand and fingers to treat is one which in- 
volves the terminal phalanx. These patients 
suffer so much more because of the unique 
anatomical structure of the involved part. 
This area, when traumatized, is unable to dis- 
tend freely, as can most other connective tis- 
sue structures, and as a result tissue tension 
is considerably augmented, with resultant 
severe pressure and ischemic symptoms. 
Methods heretofore available for the lowering 
of this excessive tension, apart from direct 
surgical intervention, are elevation and im- 
mobilization and cold applications. These 
physical medical therapeutic agents are often 
only partially effective, and, moreover, since 
their successful use requires continual appli- 
cation, these patients must lose time from 
work, usually 24 to 48 hours. After the acute 
phase, physical therapy is invariably em- 
ployed for these patients. The usefulness of 
this modality in the particular entity under 
discussion is questionable, and, in addition, 
physical therapy is further deprecated be- 
cause of the time element. Hydrocortisone- 
neomycin inunctions for contused terminal 
phalanges have proved to be remarkably ef- 
fective in relieving pain and hastening reduc- 
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tion of edema. The clinical results noted in 15 
patients to date lead us to believe that hydro- 
cortisone possesses inherent analgesic or 
anesthetic properties when used as an inunc- 
tion, which are probably unrelated to its anti- 
inflammatory effects. This impression is sup- 
ported by the observations that in all 15 pa- 
tients there was immediate significant reduc- 
tion or complete elimination of pain in the in- 
jured area following the first inunction of the 
ointment and, moreover, this result was 
achieved without any apparent gross clinical 
changes appearing in the traumatized area. 
Discernible gross tissue changes were usually 
evident within 6 hours and considerable 
within 24 hours, as the photographs of the 
injured thumb demonstrate. Previous ex- 
perimental studies® in animals pretreated 
with cortisone, which were subsequently 
studied histologically, suggest that the anti- 
inflammatory effects of cortisone, and hence 
of hydrocortisone, do not become evident 
for several hours following the induction of 
inflammation. Our clinical observations seem 
to confirm these experimental facts. 

Hydrocortisone-neomycin inunctions for 
contused terminal phalanges are a new thera- 
peutic approach to a problem which hereto- 
fore has been difficult to manage. The agent is 
very effective and, in our hands, has entirely 
replaced all previously employed therapeutic 
modalities. We recommend this technique to 
other physicians for trial. 


SUMMARY 


Hydrocortisone-neomycin inunctions for 
contused terminal phalanges are a_ new, 
highly effective therapeutic approach for an 
entity which heretofore has been extremely 
difficult to manage. In our hands, this oint- 
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ment has replaced entirely all previously 
employed therapeutic modalities, which in- 
clude elevation and immobilization, cold ap- 
plications, analgesics and sedatives, surgical 
decompression, and physical therapy. We 
recommend this technique to other physicians 
for trial. 


Drs. H. F. Hailman and C. J. O'Donovan, of the 
Upjohn Company, Kalamazoo, Mich., offered sug- 
gestions and provided generous supplies of clinical 
material. 
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The increasing use of hydrazine and de- 
rivatives as source materials for commercial 
products ' and the need for protection against 
their toxic action * lend significance to any 
test for detecting and measuring the amount 
of hydrazine present in the blood stream of 
exposed persons. In plant and animal tissues, 
Wood * has devised a method of determining 
maleic hydrazide in which the hydrazine 
liberated by a distillation process is assayed 
by the color developed with p-dimethylami- 
nobenzaldehyde, as demonstrated earlier in a 
study of hydrazine by Pesez and Petit.’ In 
this laboratory for assay of the hydrazide of 
isonicotinic acid (INH), used therapeuti- 
cally against tuberculosis infections, a rapid 
procedure has been devised ° which measures 
the color developed by this hydrazide with 
glutaconic aldehyde liberated from 4-pyridyl- 
pyridinium dichloride (1). During that 
study, it was observed that free hydrazine 
without organic nucleus might also be as- 
sayed by this procedure. This report gives 
an outline of this “pyridyl” method as 
adapted for this purpose, along with the re- 
sults on recovery of known amounts added 
to normal horse serum and on blood plasma 
levels in mice over a 24- to 30-hour period 
after oral administration of a known suble- 
thal dose. 


Recorded for publication March 14, 1955. 


From the U. S. Department of Health, Educa- 
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Hy drazine Assay 


METHOD 


The hydrazine in an aliquot of blood 
plasma filtrate from trichloroacetic acid pre- 
cipitation combines quantitatively with gluta- 
conic aldehyde from (I) under certain con- 
ditions to give a condensation product which 
may be measured colorimetrically.* Specifi- 
cally the procedure is as follows: 


To 1 (or 2) ml. of plasma, add 7 (or 6) mi. 
of water and 2 ml. of trichloroacetic acid solution 
(15% W/V in water) and mix. After 15 minutes, 
filter on Whatman No. 50 paper. To 1 ml. of 
filtrate in a 5 ml. volumetric flask add 0.5 ml. of 
“pyridyl” reagent (1) (1% W/V in water), 0.7 ml. 
of 2-normal sodium hydroxide, and after mixing, 
0.5 ml. of 2 N hydrochloric acid. Dilute to 5 ml. 
mark and mix thoroughly. Let stand 30 minutes. 
Transfer to microcell. Read optical density in a 
Fisher electrophotometer equipped with 425 
filter and supplementary lens for microassay. 
Because of nonspecific color in normal plasma, 
a control should be run simultaneously with sample 
and standard. Calculations: 


Concentration of unknown 


Concentration x Reading unknown—Control 
of standard Maa 


Reading standard—Blank 


The time required for color development 
with hydrazine is longer than with INH and 
has been observed to be at least 30 minutes, 
with but little further increase up to 60 min- 
utes and gradual decrease thereafter. The 
absorption with concentrations of 0.2y, 0.4y, 
and 1.0y was found to reach a maximum in 
a range between 405 mp and 420 mp. Hence 
for convenience the 425 my filter has been 
satisfactory for readings in the Fisher elec- 
trophotometer. The method is of such sen- 
sitivity that reproducible results in conform- 
ity with Beer’s Law have been obtained with 
amounts between 0.ly and 1.0y of free hy- 
drazine (as calculated from either the sulfate 
or the hydrate). The intensity of the color 
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with larger amounts requires dilution of 
sample. 

Recovery from Normal Horse Serum.— 
Amounts of ly, 2y, and 4y per milliliter were 
added to normal horse serum to determine 
percentage recovery. The hydrazine in each 
case was contained in | ml. volume, prepared 
by appropriate dilution of a stock solution 
of hydrazine sulfate containing 40.62 mg. in 
100 ml., i. e., 10 mg. of free hydrazine in 
100 ml. The 1:10 dilutions which resulted 
from carrying out the assay made possible 
comparison with standards of 0.ly, 0.2y, and 
0.4y of free hydrazine, prepared from the 


HYDRAZINE MOUSE PLASMA CONCENTRATIONS 
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zine by the above procedure. The Chart gives 
the results of four experiments. It is to be 
noted that, except in one experiment, the 
peak of more than 6y per milliliter was 
reached between 2 and 3 hours and that a 
trace (0.7y) was still present 30 hours after 
administration. 

COMMENT 


From these data and from the earlier re- 
port on INH assay, it is suggested that this 
“pyridyl” reagent may have widespread use- 
fulness for assay of hydrazine derivatives. 
In our experience the procedure may be used 
for hydrazides, hydrazones, and semicarba- 


AFTER ORAL ADMINISTRATION OF 2MG DOSE PER MOUSE. FOUR EX- 
PERIMENTS~-1IO MICE FOR EACH POINT 
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same stock solution. In these concentrations 
recoveries were found to be 100%, 100%, 
and 99%, respectively. 

Absorption Curves in Mice.—Absorption 
curves have been prepared following oral 
administration of a sublethal 2 mg. dose of 
hydrazine hydrate into each of 10 DBA mice 
for each time interval after administration, 
namely, 1, 2, 3, 4, 7, 24, and 30 hours. After 
heart’s blood was drawn into ACD * as anti- 
coagulant, the plasma from each group of 10 
mice was pooled and assayed for free hydra- 


* ACD contains 8 gm. of citric acid, 22 gm. of 
sodium citrate, and 24 gm. of dextrose in 100 ml. of 
water; 0.5 ml. of solution is added to 5 ml. of 


blood. 
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TIME IN HOURS AFTER HYDRAZINE ADMINISTRATION 


20 24 30 


zides. This is in contrast to the colorimetric 
procedure developed by Pesez and Petit,‘ 
who found with p-dimethylaminobenzalde- 
hyde as indicator that phenylhydrazine and 
semicarbazide did not give the reaction. 

It should be borne in mind that the “pyr- 
idyl” test has been developed from the spot 
test of Feigl® for detection of aromatic 
amines, and such compounds will interfere 
in the assay. A similar interference occurs 
with the Pesez and Petit indicator. 


SUMMARY 

The “pyridyl” test, a simple procedure de- 
vised for assaying isonicotinic acid hydrazide 
in blood plasma, has been found to be a sen- 


| 


“PYRIDYL” TES1 


sitive method for measuring reproducibly as 


little as O.ly of free hydrazine in blood 
plasma. The method involves colorimetric 
determination of the product developed from 
hydrazine and glutaconic aldehyde liberated 
from 4-pyridylpyridinium dichloride. Ab- 
sorption curves in mice following oral ad- 
ministration of a 2 mg. dose of hydrazine hy- 
drate showed a peak of more than 6y per 
milliliter at between 2 and 3 hours and a 
slight trace still present 30 hours after ad- 
ministration, 
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Kingston, Ont., Canada 


1. INTRODUCTION 

There is a great need for a simple chem- 
ical test which will give an early indication 
of dangerous lead absorption or incipient 
lead poisoning. Quantitative analyses of 
urine for lead require specific and expensive 
equipment besides trained personnel, and the 
methods are tedious and _ time-consuming. 
Enumeration of stippled cells in blood films 
is laborious and not entirely specific. The 
newer knowledge of porphyrin metabolism 
resulting from the work of Watson in 
America, Rimington in Britain, and Wal- 
denstrom in Sweden has shown the need for 
a careful evaluation of urinary prophyrins in 
health and disease. 

2. DEFINITION AND DESCRIPTION 
OF PORPHYRINS 

Porphyrins are pigment compounds which 
are widely distributed in nature and consist 
chemically of four pyrrole rings linked 
together by four methene (CH) _ bridges. 
The pyrrole ring has the configuration shown 
in Figure 1, and four such rings joined 
together by methene bridges form porphin 
(Fig. 2). In the naturally occurring porphy- 
rins, the eight hydrogen atoms of the pyrrole 
rings are substituted by methyl (CHs), 
ethyl (C2H;), vinyl (CH2.CH), propionic 
acid (CH»s-CH»sCOOH), and acetic acid 


Submitted for publication Jan. 31, 1955. 
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(CHsCOOH ) groups. Coproporphyrin may 
exist in four isomeric forms, depending on 
the sequence of methyl (M) and propionic 
acid (P) groups, and since only Types | 
and III isomers have so far been isolated in 
clinical conditions, it will suffice to represent 
them in Figure 3. The uroporphyrin isomers 
contain acetic acid (A) and propionic acid 
(P) groups, and Types I and III isomers 
are represented in Figure 4+. The terms copro- 
and uro- porphyrin were introduced by 
Fischer ° and imply that these pigment com- 
pounds occur separately in the feces and 
urine. It is now known that they occur 
normally as well as in pathological conditions 
in both excreta. 


3. CHEMICAL PROCEDURES 

(a) Qualitative Test for Urinary Copro- 
porphyrin—According to de Langen and 
ten Berg! the detection of coproporphyrin 
in abnormal amounts in the urine is a more 
reliable method than the degree of basophilic 
stippling of erythrocytes in the early diag- 
nosis of lead poisoning. The method is simple 
and rapid and can be made semiquantitative 
as a screening test where large numbers of 
workers are exposed to lead dust and fume. 
A small sample of urine (5, 10, or 20 ml.) 
is acidified with a few drops of glacial acetic 
acid, a few milliliters of ether (2 to 5 ml.) 
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URINARY PORPHYRINS IN LEAD 
added, and, after shaking the stoppered tube, 
the ether layer is inspected under an ultra- 
violet lamp. <A blue, pink, or red fluores- 
cence may be observed. 

In searching the literature, no less than 
seven modifications of the original de Langen 
and ten Berg test were noted. The modifica- 
tions are summarized in Table 1 and show 
the quantity of urine taken for the test, 
the reagents added, the procedure, and the 
scheme for reading the result according 


PORPHIN(E) 


ABSORPTION 


to the intensity of the fluorescence under 
an ultraviolet lamp. Meek, Mooney, and 
Harrold? suggested the addition of 3% 
hydrogen peroxide (2 drops) to change any 
interfering substances which might cause 
doubtful reactions. 

In my experience, ether alone gives a blue- 
violet fluorescence under ultraviolet light, 
and the use of hydrogen peroxide is seldom 
necessary. Other solvents besides ether, such 
as isopropyl ether, ethyl acetate, and amyl 


SHORT-HAND 
FORMULA FOR 
PORPHIN 


Figure 2 


Quantity 
of Urine 
for Test, 
Method MI 
de Langen and 20 
ten Berg + 


Reagents Added 
Few drops glacial 
acetic acid; 2 ml. 
ether 
2 mi. glacial acetic 
acid; 2 drops 3% 
H2Oz; 2 ml. ether 
2 drops glacial acetic 
acid; 2 drops 3% 
1.5 ml. ether 
6 drops 6 N acetic 
acid; 5 ml. ether 


Meek, Mooney, 
and Harrold ? 


Waldman and 
Seideman 7 


Maloof 


Shake 
ether layer under U.V.L. 


Shake several times; examine 
ether layer under U.V.L. 


Tasie 1—Modifications of Test for Coproporphyrin 


Procedure Positive Result 
Rose to deep red 
fluorescence 


several times; examine 


Light pink to red 
fluorescence 


Shake stoppered tube on long 
axis 20 times; examine under 
Wood Lamp 


Fluorescence in 
ether layer 


Shake and view in dark room Fluoreseence with 


MeCord ® 


Brooks 


London School 
of Hygiene and 
Tropical Medi- 

cine * 


U.S. Naval Ship- 
yard Method #4 


2 drops glacial acetic 
acid; 2 drops 3% 
H2O2; 2 mil. ether 


acetic 
ether; 


1 ml. glacial 
acid; 5 mil. 


3 drops H2Oe 


2 mi. glacial acetic 
acid; 20 ml. ether 


3 drops 3% 
6 drops glacial acetic 
acid; 5 ml. ethyl ether 


with Black Light Lamp 


Stopper 25 ml. test tube; shake 
on long axis 20 times; allow 
layers to separate and read 
after 10-15 min. 


Invert tube several times; allow 
to stand for 10 min. 


Shake 1 min.; discard lower 
layer; wash ether twice with 
D.W.; shake with 0.25% HCl in 
lots of 2, 2, and 1 ml.; adjust 
acid extracts to 5 ml. in Monax 
tube 


Stopper tube and shake 30 sec.; 
allow layers to separate; ex- 
amine under U.V.L. 


various shades of 
red 


Red fluorescence; 
slight, moderate, 
marked, and very 
marked 

Violet = + 

Pink = ++ 

Light rose = +++ 
Deep rose = ++++ 


Match against tube 
containing standard 
sol. in fluorescence 

comparator 


Pink to orange-red 
fluorescence 


* Sherwood, R. J.: Personal communication to the author. 
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acetate, have been tried, but the best solvent 
is ethyl acetate which of itself does not show 
any fluorescence under ultraviolet light. I use 
the following test: 


To 2.5 ml. of urine in a test tube, 3 to 5 drops 
of 6 N acetic acid are added to bring the urine to 
pH 6, testing with hydrion test paper of range 1 
to 11. Two milliliters of ethyl acetate * is added; the 
stoppered test tube is inclined on its long axis 
10 times (violent shaking is unnecessary) and 
allowed to stand for two or three minutes. The 
fluorescence of the ethyl acetate layer is observed 
under radiation from an ultraviolet lamp.+ The 
addition of acetic acid, not hydrochloric acid, is 
necessary to permit the ethyl acetate layer to 
extract coproporphyrin from the urine. If hydro- 
chloric acid is used, the ethyl acetate layer appears 
a greenish blue at pH 6 under ultraviolet light, and 
this coloration persists at pH 5, pH 4, and pH 3, 
while at pH 7 up to pH 12 the coloration is blue. 


With use of the technique described, it 
has been found repeatedly that a violet or 
heliotrope fluorescence in the ethyl acetate 
layer under ultraviolet light corresponds to 
approximately 5y of coproporphyrin per 
100 ml. of urine. 

It can be shown that the intensity of the 
fluorescence varies with pH, for at pH 5 the 
violet changes to pink and this, in turn, 
changes to red at pH 4 and pH 3. At pH 8, 


* Ethyl acetate CHs- COO-C.H; has the same 
price as ether (ethyl ether) [(C.H;)-O]. 

+ The Hanovia mercury-arc Inspectolite (Han- 
ovia Chemical & Manufacturing Co., Newark, 
N. J.) is eminently satisfactory. This lamp has a 
special dark-glass filter, practically opaque to vis- 
ible light generated in the mercury-are quartz tube, 
but freely transmits light in the region of 3660 A., 
the most powerful wave lengths causing fluores- 
cence. 
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the violet changes to faint blue and at pH 9 
and pH 10 to a blue coloration indistinguish- 
able from that obtained with normal urine. 
Since urine contains uroporphyrin as well as 
coproporphyrin, the blue coloration is due to 
its presence when the coproporphyrin has 
been suppressed in the alkaline range. 

(b) Quantitative Determination of Uri- 
nary Coproporphyrin and Uroporphyrin— 
The determination of coproporphyrin quan- 
titatively requires the following : 


(i) Use of a fluorescence attachment to the 
Uvispek Spectrophotometer, with a sensi- 
tivity down to 0.57 per 100 ml. of 1.5 N 
HCl 

(it) Preparation of standard solutions of cop- 
roporphyrin 

(ii) Preparation of calibration curves (Fig. 5), 


plotting 


coproporphyrin concentration 


(micrograms per 100 ml.) against per 


cent transmission (% T) 

In Schwartz, Zieve, and Watson's method,* 
5 ml. of urine is pipetted into a Squibb sepa- 
ratory funnel, 5 ml. of buffered acetic acid 
added, and the coproporphyrin removed by 
extracting with ethyl acetate. The method 
permits the removal of ether-insoluble por- 
phyrins by washing with 1% sodium acetate 
and the conversion of precursors to porphy- 
rins by shaking with dilute iodine solution. 
The coproporphyrin is finally extracted from 
the ethyl acetate in 1.5 N HCl (20 ml.). The 
per cent transmission is measured in the 
spectrophotometer, and the coproporphyrin 
concentration estimated from the graph of 

t Supplied by Dr. S. Schwartz of the University 
of Minnesota. 
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10y per 100 ml. or of 100y per 100 ml. of 
1.5 N HCl solution. 


Uroporphyrin has been determined quan- 
titatively by Rimington’s method § which 
consists in calcium chloride precipitation of 
uroporphyrin from a small amount of urine, 
in the presence of alkali and excess calcium 
ions, and its subsequent measurement in the 
Soret band region. 

The methods used for these estimations 
have been as follows: 


An apparatus has been constructed, with the aid 
of the University instrument maker, in which an 
AH 4 mercury-vapor lamp (supplied by the Gen- 
eral Electric Co., Toronto), as a source of suitable 
wave lengths of ultraviolet light, has been inserted 
in a metal housing (manufactured by Hilger & 
Watts, London), with a condensing lens to trans- 
mit “parallel” light. The primary filter consists of 
a 405 me interference filter (obtained from Baird 
Associates, Cambridge, Mass.) combined with a 


§ References 4 and 5. 


blue auxiliary filter (Corning Auxiliary Filter 
4-72). The combination of the interference filter, 
transmitting 30.5% of the 405 ms exciting light, 
with the blue filter, which has a transmission value 
of 62% at 406 ms, permits 19% of the light to be 
transmitted. A secondary red filter (Corning 2-61), 
which transmits light above 620 mz and has negli- 
gible transmission below 600 mz», is inserted in front 
of the photoelectric cell of the Uvispek Spectro- 
photometer. With this combination of filters, a 
blank solution of 1.5 N HCl gives only a minimal 
deflection of 0.5 mm. when a 107 solution of copro- 
porphyrin I is set to read 100% T. This gives the 
sensitivity of the Uvispek. 

The intensity of fluorescence is determined by 
inserting a quartz cell containing 1.5 N HCl as a 
blank into the adapter of the Uvispek, setting the 
transmission at zero, and centering the galvonometer 
needle by means of the zero knob on the potentiom- 
eter of the Uvispek. The porphyrin standard is 
next set to give a transmission reading of 100 by 
adjusting the check knob. The transmission reading 
of the unknown is then determined. (No use is 
made of the light source or monochromator of the 
Uvispek Spectrophotometer in fluorescence deter- 
minations. ) 
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Fig. 5.—Calibration curves. ° 
A, curve prepared by plot- ai 
ting average per cent trans- 20k 4 
mission readings against cop- A 
sy to 100 100 ml. of 0 10 20 30 40 50 60 70 80 90 +100 
15 N HCl. B, curve pre- 
e T T T T 
pared by plotting average 
100k 


per cent transmission read- 
ings against coproporphyrin 
concentrations 0.5y to 107 
per 100 ml. of 1.5 N HCL. 


Transmission 
2 
T 


20Fr 
re) 2 3 5 6 7 8 3 10 


Concentration (ug/!OOmi.) 


‘ 
if 
5 
= 
By 
a 
| 
399 


A, 


M. 


4. RESULTS OF PORPHYRIN DETERMINATIONS 
ON URINE SAMPLES 


The urine samples were analyzed quanti- 
tatively from the following : 


(1) Presumably normal, healthy individuals 

(ii) Employees with a mild exposure to lead 
in an industrial process, e.g., repair of 
motor-vehicle bodies and glazing of wall 
tiles 


(i) Employees liable to a severe exposure to 
lead in a storage-battery plant 


(1) To obtain data on the values of urinary 
coproporphyrin and uroporphyrin excreted 
normally, morning urine samples were 
obtained from fourth and fifth year medical 
students during March and April, 1954. 
Sixty-six samples were examined. Qualita- 
tive tests for coproporphyrin, for urobilinogen 
and porphobilinogen using Ehrlich’s alde- 
hyde reagent, for urobilin using Schlesin- 
ger’s test, and for bile pigments using 
Ehrlich’s diazo reaction were performed prior 
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Figure 7 


to the quantitative determinations of porphy- 
rins. On tabulating the results, it was noted 
that urines with strongly positive reactions 
for urobilinogen had higher uroporphyrin 
values than urines with negative or weakly 
positive reactions for urobilinogen. Twenty- 
two out of sixty-six samples had this feature 
and were tabulated separately. The remain- 
ing samples were selected at random, and 
two groups of 22 samples formed. 

Figures 6 and 7 show the range of values 
for the first and second normal groups and 
Figure 8 the range for the group with high 
uroporphyrin values. The results are given 
in Table 2. The average uroporphyrin value 
for the third group is approximately three 
times that for either the first or the second 
group, while the average coproporphyrin 
value is only slightly increased over that for 
the first or the second group. 


(it) Six healthy men, aged 54, 23, 34, 
40, 38, and 23 years, respectively, were 
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TaBLeE 2.—Results of Porphyrin Determinations 


Group 
Ist 

Normal 
2d 

Normal 
3d 
Normal with 
high uropor- 
phyrin 


Values 
Range 
Average 
Range 
Average 
Range 
Average 


Copro- 
porphyrin, 
7/100 Ml. 
0.65 — 8.15 
2.76 + 0.33 
0.83 — 4.80 
2.30 + 0.23 
1.06 — 7.13 
3.31 + 0.33 


Uro- 
porphyrin, 
7/100 Ml. 
0.92 — 10.07 
5452 0.61 
1.25— 9.57 
0.53 
11.44 — 25.18 
15.97 = 0.80 


allowed to begin work in an industrial proc- 
ess involving exposure to lead dust. 
days later the collection of weekly samples 


20r 


per 100 mi 


Normal urines with high 
Uroporphyrin 


Ten 


of urine was commenced and continued for 
six weeks, the period extending from Sept. 9 
to Oct. 16, 1953. The urine samples were 
collected in chemically clean bottles of 16 oz. 
capacity, each containing 0.5 gm. of pure, dry 
sodium carbonate. The men were instructed 
to pass urine directly into the bottles on 
rising at 7 a. m. on Wednesday of each week. 
Simultaneously, blood films for the estima- 
tion of stippled cell counts || were taken 
weekly from each workman. So far as is 
known, the workmen had not been engaged 
previously in an atmosphere where there was 
a lead hazard, and blood films taken prior to 
employment showed negligible stippled cell 
counts. 

The new type of work consisted in repair- 
ing motor-vehicle bodies in which buffing 
and spray painting were executed. Due pre- 
cautions in wearing respirators and pro- 
tective clothing were observed, so that the 
exposure to lead was considered minimal. 

Coproporphyrin determinations were car- 
ried out on the urine samples on the same 


|| The blood films were stained and the stippled 
counts estimated in the Industrial Hygiene Labora- 
tory of the Ontario Department of Health. 


TABLE 3.—Porphyrin Determinations on Morning 
Urine Samples Submitted Weekly from Three 
Workmen with Light Exposure to Lead 


er 


° 


| 
Coproporphyrin Uroporphyrin 


Figure 8 


J.R.G. 


E. E. 


Ww. V. 
Porphyrin, Porphyrin, Porphyrin, 
7/100 M1. 7/100 Ml. 7/100 M1. 
Date Copro- Uro Copro- Uro- Copro- Uro- 
2.36 6.67 6.18 2.13 8.24 


2.82 
3.91 
6/54 4.49 
3.06 
71 


5.72 6.49 
1.14 ese 
1.37 11.30 3.66 
9.15 
0.21 
3.43 
5.04 
12.10 
4.74 
4.35 


5.2 8.9 12.30 


3.33 
6Al 
3.06 
8.56 
4.50 
7.78 
8.10 
4.14 


5.34 
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641 
5.04 
2.52 
8.70 
1.66 
2.50 
9.15 
4.12 
3.49 
2.06 


7/22/54 alee awe 6.44 6.03 
7/28/54 6.78 5.04 7.36 6.87 4.22 4.81 
8/13/54 3.10 4.16 4.55 7.01 2 d 
8/19/54 4.12 5.27 4.06 8.70 4.28 2.52 
8/27/54 3.08 1.87 7.32 6.87 15.60 8.53 
Average 44 3.8 7.15 645 5.55 48 
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day or on the following day after being 
received in the laboratory. The 36 observa- 
tions on coproporphyrin content and stippled 
cell counts were plotted as shown in Fig- 
ure 9. Twenty-two observations, with counts 
less than 1000 stippled cells per 1,000,000 
erythrocytes, had a range from 0.6y to 7.5y of 
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weekly samples of urine examined for their 
porphyrin content. In all, 16 weekly samples 
were examined from April to August, 1954, 
and the average values calculated, as shown 
in Table 3. During this period the stippled 
cell counts were less than 1000 per 1,000,000 


erythrocytes. 
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Figure 9 


coproporphyrin per 100 ml. of urine, the 
average value being 2.69y+0.35y per 100 ml. 
Thirteen observations, with counts of 1000 
to 1500 stippled cells per 1,000,000 erythro- 
cytes, had a range from 0.5y to 11.6y of 
coproporphyrin per 100 ml. of urine, with an 
average value of 3.54+0.86. 

Three of these workmen were followed for 
a subsequent period of four months, and 


402 


It may be noted that, although there are 
wide variations in the weekly determinations, 
the average coproporphyrin values for 
J. R. G., W. V., and E. E. are higher than 
the average value for counts between 1000 
and 1500 stippled cells per 1,000,000 eryth- 
rocytes (4.4, 7.15, and 5.55 as compared 
with 3.54y per 100 ml.). There is, neverthe- 
less, an indication that the coproporphyrin 
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URINARY PORPHYRINS IN LEAD ABSORPTION 


values increase as the stippled cell counts 
increase from less than 1000 to 1000 and 
1500 stippled cells per 1,000,000 erythro- 
cytes (Fig. 9). 

The uroporphyrin determinations have 
also been carried out weekly, and the average 
values calculated. The copro-/uro- porphy- 
rin ratio is on the average 1:1, although 
there are wide differences in the individual 
ratios. 


per 100 mi 


900 00 
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2000 apo 
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Figure 10 


A number of workers with a mild expo- 
sure to lead in a tile-manufacturing plant, 
where the tiles are sprayed with a lead glaze 
before firing in kilns, have been under medi- 
cal supervision for a number of years. Morn- 
ing urine samples obtained weekly on several 
occasions have been analyzed for porphyrin 
content. As blood films for stippled cell 
counts are taken only at three-month inter- 
vals in this plant, the porphyrin determina- 
tions on urine samples, submitted the next 


day after the blood films were taken on 
Aug. 18, 1953, and on March 16, 1954, were 
considered suitable for study of a correlation 
between stippled cell count and amount of 
urinary coproporphyrin. Twenty-eight urine 
samples had a coproporphyrin range from 
1.2y to 28.7y per 100 ml., the average value 
being 10.862+1.316, and a_ uroporphyrin 
range from 1.3y to 46.6y per 100 ml., 
with an average value of 10.57+2.012. 
Figure 10 shows the results graphically. All 
these employees were reported to have counts 
less than 1000 stippled cells per 1,000,000 
erythrocytes. 

It may be noted that these values are dis- 
tinctly higher than those obtained in the 
study of employees exposed to lead dust in 
the repair of motor-vehicle bodies. The com- 
parison, however, is not valid, since the tile 
workers had been exposed for several years 
in the tile plant. Their average values may 
be considered therefore to provide a norm for 
persons working for several years in an 
atmosphere with a mild exposure to lead. 

(11) A number of urine samples were 
obtained from employees in a storage-battery- 
manufacturing plant on the morning follow- 
ing the day when blood films were taken for 
stippled cell counts in August, 1953, and 
April, 1954. Six employees had stippled cell 
counts less than 1000, two had counts of 
1000, and seven had counts varying from 
1600 to 9800 per 1,000,000 erythrocytes. 
Figure 11 shows that there is a definite tend- 
ency for increased coproporphyrin excretion 
when stippled cell counts exceed 1000 per 
1,000,000 erythrocytes. 

The range for coproporphyrin excretion 
with stippled cell counts of 1000 and less 
than 1000 per 1,000,000 erythrocytes was 
120y per 100 ml., the average value 
being 55.21+15.04. For  uroporphyrin, 
the corresponding range was 2.5y—75.15y 


3y 


per 100 ml., the average value being 
34.52+9.29. These average values are dis- 
tinctly higher than those obtained in a mild 
lead industrial exposure. 

It is interesting to note the copro-/uro- 
porphyrin ratio, which has not been referred 
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Figure 11 


to previously in the literature. With stip- 
pled cell counts of less than 1000 and counts 
of 1000 per 1,000,000 erythrocytes, the 
copro-/uro- porphyrin ratio seldom exceeds 
2:1, but as the stippled cell counts increase, 
the copro-/uro- porphyrin ratio becomes 
3:1, 4:1, 5:1, and 6:1, as indicated in 
Table 4. 


TABLE 4.—Change in Ratio of Coproporphyrin and 
Uroporphyrin with Increase in Stippled Cells 


(7) An attempt has been made to cor- 
relate stippled cell counts with quantitative 
coproporphyrin determinations in a group of 
employees mildly exposed to lead for the 
first time in buffing and spray painting of 
damaged motor-vehicle bodies. As the stip- 
pled cell counts increase to 1000 and 1500 
per 1,000,000 erythrocytes, the coproporphy- 
rin values tend to increase. With continuing 
mild exposure to lead, although the stippled 
cell counts may not exceed 1000 per 1,000,000 
erythrocytes, the urinary coproporphyrin val- 


Copro- Uro- 
Stippled porphyrin, porphyrin, ues tend to increase. 
Employees with a mild exposure to lead 
for several years have higher urinary copro- 
P. 1,600 931.0 70.5 8:1 porphyrin and uroporphyrin values than 
B. 1,600 37.0 12.0 3:1 those found in normal persons. 
(iii) Employees liable to a severe expo- 
A. 5,800 ee 98.3 5:1 sure to lead show high values for urinary 
©. 9,800 1,331.0 215.0 6:1 


5. SUMMARY AND CONCLUSIONS 

(1) In porphyrin analysis of morning 
urine samples from apparently normal per- 
sons, it has been observed that urines with 
a strongly positive qualitative test for uro- 
bilinogen generally have high uroporphyrin 
values. There is evidence that this feature 
occurs in persons on a high-vegetable diet as 
well as in certain liver diseases. 
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coproporphyrin as the stippled cell counts 
exceed 1000 or 1500 per 1,000,000 erythro- 
cytes. The uroporphyrin values are also 
increased. It is interesting to note that in 
this type of exposure the copro-/uro- 
porphyrin ratio increases from the normal 
1:1 or 2:1 to 3:1 and may reach 6: 1. 
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A Statistical Evaluation with Reference to the Detection of Minimal Absorption of the 


Organic Phosphate Insecticides 


J. H. FRYER, M.B., B.S. 
R. G. D. STEEL, Ph.D. 
and 


H. H. WILLIAMS, Ph.D., Ithaca, N. Y. 


The hazards of the organic phosphate 
insecticides are now well known. The ab- 
sorption of these compounds produces a 
reduction in the cholinesterase activity levels 
of the tissues, usually measured in plasma 
and red blood cells. If the amount absorbed 
is large, an acute clinical syndrome develops, 
which may lead to rapid death. Smaller single 
or repeated doses, however, may produce 
transient or negligible symptoms, or no 
symptoms at all, despite changes in cho- 
linesterase activity levels. In an attempt to 
detect such effects in agricultural workers 
using this group of insecticides, a diagnostic 
service was run at Cornell University 
through the summers of 1953 and 1954, 
in which the red cell and plasma cholin- 
esterase levels of blood samples submitted 
by the exposed subjects were determined 
and a suitable report made to their respec- 
tive physicians. Experience within this serv- 
ice has emphasized certain difficulties in 
interpretation, notably (1) in the absence of 
known preexposure levels it was found 
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difficult to differentiate between the subject 
with low normal cholinesterase activity levels 
and the subject with depression due to mini- 
mal absorption of the insecticides, and (2) 
due to a paucity of information on the day- 
to-day variation in unexposed subjects, it 
was difficult to establish precise diagnostic 
criteria for minimal absorption even when 
preexposure cholinesterase levels were 
known. Neither of these difficulties applies to 
markedly low cholinesterase levels but such 
findings were rare, while cases falling into 
the categories described occurred with some 
frequency, and it became important to deter- 
mine what percentage of exposed workers 
were showing objective signs of absorbing 
these insecticides. This paper reports the 
findings of investigations on cholinesterase 
levels in two groups of subjects, neither 
currently exposed to organic phosphate com- 
pounds, in one of which day-to-day variations 
were determined. Statistical evaluations of 
the data have been made and used to estab- 
lish criteria of value in the interpretation 
of cases in which the difficulties described 
may be encountered. 


METHODS AND MATERIALS 


1. Subjects—Group 1: Blood samples were ob- 
tained from 17 members of the staff of the School 
of Nutrition on each of five days. In all cases but 
one, the days were consecutive, the exception having 
a one-day gap in the series. All samples were drawn 
within the same week and in 15 cases were drawn 
on the same five days. None of the subjects in- 
volved had been knowingly exposed to any of 
the organic phosphate insecticides for many months, 
if at all. 


CHOLINESTERASE ACTIVITY LEVELS 


Group 2: In the course of a survey being con- 
ducted among the agricultural workers in a New 
York county, blood samples were obtained from 
89 subjects, none of whom had been knowingly 
exposed to the organic phosphate insecticides for 
at least three months. 


2. Technique —Blood samples were taken from 


the finger tip and collected in 2.5 by 50 mm. test 
tubes (made in the laboratory from 2.5 mm. I. D. 
tubing) which had been treated with a 20 mg/ml. 
solution of heparin and dried in flowing air. The 
Group 1 samples were refrigerated within a few 
minutes of being taken, and all cholinesterase 
determinations were. carried out in duplicate and 
completed within 72 hours. Group 2 samples were 
refrigerated within six hours, single cholinesterase 
determinations being carried out during a subse- 
quent 17-day period. 

The cholinesterase levels in plasma and red 
blood cells were determined by the micro adapta- 
tion of the Michel electrometric method! as 
developed by Hamblin and Marchand 2 and further 
modified by Wolfsie and Winter.® Certain changes 
in sampling technique were introduced in order 
to overcome difficulties met in handling the great 
variety, size, and condition of samples received 
from the field during an earlier study. 

On removal from the cold room, the sample 
tube is stoppered and centrifuged at 3000 rpm for 
50 minutes. The plasma is removed by micropipette 
to a 6 by 50 mm. test tube (“M” tube) down to 
about 1 mm. from the plasma-cell interface. The 
interface, any debris, and a thin layer of red cells 
are drawn off and discarded, and the packed red 
cells left clean and undisturbed. By plunging a 


A pH/Hr. 

Days 

Subject, 

No. 1 2 3 4 
0.74 0.74 0.73 0.74 
0.83 0.93 0.84 0.87 
0.74 0.86 0.77 0.78 
0.67 0.70 0.68 0.69 
0.81 0.85 0.86 0.84 
wag 0.97 0.91 0.98 0.94 
0.84 0.83 0.86 
0.77 1.00 0.91 0.94 
0.89 0.84 0.91 0.88 
ude 0.75 «0.86 0.74 0.78 
0.92 0.96 1.08 0.95 


Mean Red Blood Cell 
Cholinesterase Activity, 


slender-tipped Lang-Levy constriction pipette to the 
bottom of the cells, a well-packed, uniform sample 
can be obtained. (This method overcomes a diffi- 
culty frequently encountered in taking samples 
from a capillary tube, where a thin film forms 
over the red cells immediately on exposure to air 
and a good contact between the tip of the Sahli 
pipette and the cells is impossible.) The 0.02 ml. 
sample is transferred to the saponin solution, and 
the technique described by Wolfsie and Winter 
followed. The serum aliquot is withdrawn from 
the “M” tube, and both residues may be saved. The 
packed red cells, kept cool and covered, may be 
used for several days. The sharp tip of a con- 
striction pipette will easily puncture any film 
formed at the surface, and no difficulties due to 
clotting have been encountered. 

The A pH/hr. was calculated without applying 
the correction factors tabulated by Michel! for 
nonenzymatic hydrolysis and variation in A pH/hr. 
with pH, since it was found that the percentage 
change in the final result would be unimportant 
for all practical purposes. Since such changes would 
also all tend to be in the same direction, the day- 
to-day variation within individuals would be rela- 
tively unaffected. 

RESULTS 

Group 1.—The results of red blood cell 
and plasma cholinesterase determinations on 
five days for the 17 members of Group 1 are 
given in Table 1. Examination of these data 
shows that day-to-day variation within indi- 
viduals of the red cell cholinesterase activity 


TaBLE 1.—Red Blood Cell and Plasma Cholinesterase Activity Levels of Seventeen 
Normal Subjects on Five Days 
(Mean of Two Determinations 


in A pH/Hr.) 


Mean Plasma 
Cholinesterase Activity, 


A pH/Hr. 
Days 
5 6 1 g 3 4 > 6 
0.72 0.94 0.95 0.91 0.88 0.84 
0.384 0.77 1,24 0.98 1.06 0.96 
0.78 0.80 0.98 0.77 0.75 0.96 
0.71 088 0.79 O98 089 0.88 
0.65 0.83 0.87 0.838 0.96 0.83 
0.85 O.87 0.88 0.83 0.83 0.81 
0.93 0.386 0.84 0.86 0.80 0.83 
0.80 0.78 wene 0.82 0.79 0.92 0.81 0.85 
0.90 0.90 1.04 wees 0.85 0.88 1.02 0.96 
0.92 0.92 1.00 0.82 0.78 0.80 
0.85 0.86 0.91 0.97 0.97 0.89 
0.86 1.12 1.00 0.95 1.08 1.05 
0.75 0.89 0.95 0.84 0.82 0.79 
0.86 1.12 1.08 1.16 1.00 1.01 
0.97 0.79 0.79 0.89 0.82 0.83 
0.94 1,24 1.05 1.14 1.00 1.17 
0.69 0.60 0.57 0.64 0.61 0.62 
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TasBLe 2.—Comparison of Red Blood Cell and Plasma Cholinesterase Activity in Groups 
1 and 2 and as Reported by Wolfsie and Winter 


Mean cholinesterase activity, A pH/hr 
Standard deviation, A pH/hr 
Range, A pH/hr 


Red Blood Cells Plasma 


co 


Group1 Group2 Winter 
(N=17) (N=89) (N =255) 


Woltsie & 
Group1 Group2 Winter 
(N=17) (N=89) (N =255) 
0.898 0.965 0.912 
0.151 0.199 0.112 
1.23-0.60 1.54-0.56 1.65-0.41 


Wolfsie & 


0.809 0.771 0.861 
0.097 0.067 0.091 
0.98-0.66 0.92-0.64 1.25-0.55 


levels is of the order of +5% for the group 
as a whole, with a maximum of +13% seen 
in Subject 10 and a minimum of +1% in 
Subjects 1 and 4. Similar observations on 
plasma cholinesterase levels show a mean 
day-to-day variation of about +9%, with a 
maximum of +23% in Subject 2 and a 
minimum of +4% in Subject 6. 

Analyses of variance carried out for cho- 
linesterase activity levels in red blood cells 
and plasma showed the sources of varia- 
tion, (1) between determinations on the 
same samples, (2) among days within indi- 
viduals, and (3) among individuals, to make 
progressively increasing contributions to the 
total variation. All comparisons between 
these sources of variation achieved statistical 
significance at the 1% probability level. 

For ease of comparison with data on 
Group 2, the mean values and standard 
deviations of cholinesterase levels for Group 
1 have been calculated, using only the 
results of the first of the duplicate determi- 
nations on Day 1 (Table 2). On this basis 
the mean red blood cell cholinesterase value 
is 0.8094 pH/hr. and the standard devia- 
tion, 0.0974 pH/hr. Comparable plasma 
values are a mean of 0.8984 pH/hr. and 
a standard deviation of 0.1514 pH/hr. 
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Cholinesterase activity levels of red blood cells 
and plasma of 89 subjects.in Group 2. The dotted 
line indicates the distribution found by Wolfsie and 
Winter (549 samples from 255 subjects). 
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Group 2.—The results of the determina- 
tions of cholinesterase levels on 89 agricul- 
tural workers not currently exposed to the 
organic phosphate insecticides are shown 
graphically in the Figure and summarized 
in Table 2. The mean red blood cell cholin- 
esterase activity level is 0.7714 pH/hr. and 
the standard deviation, 0.0674 pH/hr. The 
mean plasma cholinesterase activity level 
is 0.9654 pH/hr. and the standard devia- 
tion, 0.1994 pH/hr. 

Group Differences—An analysis of vari- 
ance showed that the difference in group 
means was greater than could be explained 
by variation among individuals within 
groups, the difference being statistically sig- 
nificant at the 1% probability level for red 
blood cell cholinesterase and at the 5% 
probability level for plasma cholinesterase. 


COM MENT 


So far as is known, there is only one 
previous report of the day-to-day variation 
in red cell and plasma cholinesterase levels 
in normal human subjects. Sawitsky, Fitch, 
and Meyer * reported on the changes seen 
in three blood samples taken at monthly 
intervals from three subjects, their results 
suggesting that the variation within indi- 
viduals was of the order of 1%-2%. These 
workers used a manometric method as 
opposed to the electrometric method of the 
study here reported. Our results show con- 
siderably greater day-to-day variation, and 
this finding is, of course, of considerable 
importance when interpreting the results of 
cholinesterase determinations made on sub- 
jects exposed to the organic phosphate insec- 
ticides. Thus within our experimental Group 
1, maximum potential falls of 23% in red 
blood cell cholinesterase and 38% in plasma 
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cholinesterase were seen, due solely to day- 
to-day variation. 

The fact that statistically significant dif- 
ferences exist between the mean cholin- 
esterase levels for the two experimental 
groups has already been noted. As can be 
seen from Table 2, Group 1 had the higher 
mean red cell cholinesterase level but the 
lower mean plasma cholinesterase _ level. 
These differences suggest either that there 
is some fundamental difference in the pop- 
ulations sampled or that certain differences 
in the handling of the samples from Group 2, 
as opposed to Group 1, produced changes 
in the cholinesterase levels obtained. Thus 
Group 2 samples were not refrigerated for 
about six hours and, furthermore, were sub- 
jected to some vibration while being trans- 
ported by car during this period. Examina- 
tion of our data from the point of view of 
the period elapsing between obtaining the 
blood sample and carrying out the cholin- 
esterase determinations has shown that, once 
the sample is under refrigeration, compara- 
ble results were obtained on the 2d and 18th 
days after taking the sample, and hence the 
cholinesterase levels appear to be stable 
under these conditions. The effects of keep- 
ing the blood sample at room temperature 
for some hours, or of vibration, have not 
been investigated. A possible population dif- 
ference lies in the fact that the mean age 
for Group 2 was 38 years, while that for 
Group 1 was 30 years, but our data show 
no consistent relationship of cholinesterase 
levels to age. An alternative and unexplored 
possibility is that the subjects of Group 2, 
being agricultural workers, were exposed to 
unappreciated minimal quantities of the or- 
ganic phosphate insecticides, leading to a 
reduction in red blood cell cholinesterase. 
On the other hand, it is hard to see why 
in these circumstances there should be a 
coincident increase in the plasma cholines- 
terase. On general grounds, the most likely 
explanation would seem to be slight degrees 
of hemolysis occurring in the blood samples 
from Group 2. 


The data obtained from Group 1 have been 
treated statistically to help to establish cri- 


teria of value in deciding what fall in plasma 
or red blood cell cholinesterase level is likely 
to be due to the absorption of anticholin- 
esterase compounds as opposed to being 
merely the result of day-to-day variation. 
Some degree of overlapping between these 
categories is, of course, inevitable, and so 
interpretations which are falsely positive or 
falsely negative will be made. It is felt, how- 
ever, that use of the figures presented in 
Table 3 places the interpretation upon a 
sounder basis than has been possible hitherto. 
The statistical procedure selected is based 
upon the assumption that with 68 degrees 


TABLE 3.—Maxrimum Falls in Cholinesterase Activ- 
ity Levels Due to Day-to-Day Variations Likely 
to Be Encountered in Varying Per- 


Maximum Fall in 
Cholinesterase 
Activity 
Level Due to 
Day-to-Day 
Variation, 


A pH/Hr. 
Population Red Blood 
Percentage Cells Plasma 
0.244 0.501 
0.132 0.272 
0.107 0.219 


of freedom the variance of the population 
of differences should be very closely esti- 
mated. It is then possible to calculate the 
maximum fall in red blood cell or plasma 
cholinesterase levels which is likely to occur 
in a given percentage of the population due 
solely to day-to-day variation.’ Thus from 
Table 3 it can be seen that only about 1 
person in 10 will show a greater fall than 
0.1324 pH/hr. in red blood cell cholines- 
terase due to day-to-day variation. Similarly 
a fall in r.b.c. cholinesterase exceeding 
0.1714 pH/hr. will occur in only about 1 
person in 20, while a fall as great as 0.2444 
pH/hr. will occur in only about 1 person 
in 100. Comparable figures for plasma cho- 
linesterase levels are presented. Selection of 
critical levels for use in routine interpreta- 
tions must necessarily be arbitrary; how- 
ever, use of the figures for 75% and 85% 
of the population would lead to an excessive 
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number of false positive reports, while the 
figure for 99% of the population would 
probably lead to false negative reports, which 
would mean failure to warn exposed workers 
that they were absorbing the insecticide. 
Limited experience with these criteria in a 
recently conducted field survey suggests 
that the levels for 95% of the population are 
the most suitable. Because the statistical 
computations were less involved, the critical 
levels developed in this study are based on 
absolute falls in cholinesterase activity rather 
than percentage falls, although the use of 
criteria based on percentages would be more 
logical. Differences between the two methods 


TaBLe 4.—Lower Tolerance Limits of Normal Cho- 
linesterase Activity Levels for Varying Per- 
centages of the Population (Calculated 
for 95% Confidence) 


Lower Tolerance 
Limits for Normal 


Cholinesterase 
Activity Levels, 
A pH/Hr. 
Population Red Blood 
Percentage Cells Plasma 
0.668 0.659 


are, of course, dependent upon divergence 
of preexposure levels from 0.1004 pH/hr., 
and only in cases where the preexposure 
level is markedly lower than this level would 
differences in the two methods produce false 
negative reports. This situation can be cor- 
rected to some extent by the use of limiting 
percentage falls in addition to the limiting 
absolute falls suggested. Thus a positive 
report might be made if the red cell cho- 
linesterase level in an exposed subject were 
seen to fall either 0.1714 pH/hr. or 25% 
of the preexposure level, whichever were 
the greater. Similarly it is suggested that 
a fall in plasma cholinesterase of 50% should 
be limiting, whether or not there is an 
absolute fall exceeding 0.3514 pH/hr. 


The problem involved in the differentia- 
tion of normally low cholinesterase levels 
from levels depressed by minimal organic 
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phosphate insecticide absorption in the ab- 
sence of known preexposure levels has been 
outlined. However, Table 4 shows tolerance 
limits calculated for 95% confidence and 
derived from the preexposure cholinesterase 
levels of the subjects in Group 2. Thus it 
may be said that at least 99% of the pop- 
ulation can reasonably be expected to have 
normal red blood cell cholinesterase levels 
in excess of 0.5934 pH/hr., at least 95% 
of the population in excess of 0.6414 pH/hr., 
and so on for population percentages down 
to 75%. The figure derived for at least 95% 
of the population would seem to be the 
most reasonable for practical use. The 
marked limitation of this method, as opposed 
to one dependent upon a measured fall from 
a known preexposure level, has been demon- 
strated by the application of these criteria 
to the results of the field survey mentioned 
above. When this was done, using the levels 
presented in Table 4+ for 95% of the popula- 
tion and comparing the results with inter- 
pretations dependent upon the criteria de- 
veloped in Table 3, it was found that there 
were 3 true positive reports, 12 false posi- 
tive reports, and no false negative reports 
for falls in red blood cell cholinesterase and 
one false negative report and no_ positive 
reports for plasma cholinesterase. A knowl- 
edge of preexposure cholinesterase levels is 
obviously necessary for any degree of ac- 
curacy to be achieved. However, the re- 
sponsible personnel of any laboratory carry- 
ing out cholinesterase determinations on 
blood samples submitted at random from 
the field may find that knowledge of such 
population tolerance limits is of value. 


SUMMARY AND CONCLUSIONS 


Determinations of plasma and red blood 
cell cholinesterase activity levels have been 
carried out on two groups of subjects neither 
currently exposed to anticholinesterase com- 
pounds, such as the organic phosphate insec- 
ticides. Cholinesterase determinations were 
carried out on five separate days on each 
of the 17 subjects of one group, enabling 
an estimate of the day-to-day variation to be 
obtained. The mean and standard deviations 
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CHOLINESTERASE ACTIVITY LEVELS 


of the red blood cell and plasma cholines- 


terase levels for each group are presented. 


Day-to-day variation in red blood cell cho- 
linesterase level was found to average +5% 
for the experimental group concerned, and 
the day-to-day variation in plasma choli- 
nesterase level averaged +9%. The maxi- 
mum day-to-day variation in any individual 
was +13% for red blood cell cholinesterase 
and +23% for plasma cholinesterase. These 
figures are considerably in excess of those 
earlier reported. 


Differences in red blood cell and plasma 
cholinesterase levels between the two experi- 
mental groups were found to be statistically 
highly significant. Possible factors responsi- 
ble for these differences are discussed briefly. 


Statistical methods have been used to 
estimate the maximum fall in cholinesterase 
levels due solely to day-to-day variation 


likely to be found in varying percentages of 
the population. It is suggested that the max- 
imum falls of 0.1714 pH/hr. in red blood 
cell cholinesterase and 0.3514 pH/hr. in 
plasma cholinesterase, calculated to apply 
to at least 95% of the population, make 
suitable critical levels in distinguishing de- 


pression of cholinesterase activity due to 


the absorption of anticholinesterase com- 


pounds from that due to day-to-day varia- 
Where 


levels are in the lower range of normal, it is 


tion. cholinesterase 


preexposure 


suggested that additional limiting factors 


based on percentage falls should be applied. 


Minimal cholinesterase levels likely to be 
found in varying percentages of the popula- 
tion are also presented. Knowledge of such 
population tolerances may be of value in 
interpreting the significance of cholinesterase 
levels in subjects exposed to anticholines- 
terase compounds where preexposure levels 
are not known. However, the marked limita- 
tions of this method of interpretation are 
pointed out. 


Dr. Norman S. Moore and Mr. Cyril G. Small 
cooperated in carrying out the projects here re- 
ported. Technical assistance was rendered by Z. 
Pierce, G. Fiala, and others, and members of the 
staff of the School of Nutrition, Cornell University, 
participated as experimental subjects. 
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Uses of Compounds 


Cutaneous Reaction and Calcium Therapy 


JOSEPH V. KLAUDER, M.D. 
LOUIS SHELANSKI, M.A. 

and 

KARL GABRIEL, B.A., Philadelphia 


Severe pain as part of cutaneous reaction 
to ionic fluorine compounds and, to a slighter 
degree, to oxalic acid is an outstanding 
symptom. As later discussed, a reasonable 
explanation is the immobilization of calcium 
in the tissue causing disturbance of the 
calcium-potassium ratio. This emphasizes the 
use of calcium in treatment. 


INDUSTRIAL USES OF FLUORINE COMPOUNDS 


There is an increasing industrial use of 
fluorine compounds. Waggaman * pertinently 
remarks, “A chemical devil has been tamed 
and trained to serve in war and peace.” 
Of new and recent uses of fluorine com- 
pounds, mention may be made of their use 
in plastics, germicides, pharmaceuticals, 
anesthetics, dyes, lubricants, tanning agents, 
stable solvents, fireproofing materials, resins, 
and as an additive to drinking water. Men- 
tion may be made here of the comprehensive 
discussion of industrial uses of fluorine com- 
pounds and of their toxicity in the Bureau 
of Mines Information Circular.* 

Irritant Action on Skin.—Fluorides are 
salts of hydrogen fluoride. They may be 
acid fluorides or neutral fluorides. They are 
soluble as well as insoluble or nearly so 


Submitted for publication June 9, 1955. 


From the Industrial Toxicology Laboratories, 
Morris V. Shelanski, M.D., Director. 
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(to wit, calcium fluoride, magnesium fluo- 
ride). Since the element has an affinity for 
silica, there are a number of silicofluorides 
that are salts of fluosilicic acid. The following 
compounds exert strong irritant action on 
the skin and mucous membranes—hydro- 
fluoric acid, fluosilicic acid, all acid solutions 
of their salts, and, to a slighter degree, 
bifluorides. The irritant action of their alkali 
salts, however, is less. The irritant action 
of fluosilicic acid is attributed to its dissocia- 
tion to hydrogen fluoride. 


According to Salls * one drop of anhydrous 
hydrogen fluoride on the skin causes a cor- 
rosive ulcer, and inhalation of a concentrated 
vapor may result fatally. Exposure of the 
skin for a fraction of a second to gaseous 
fluorine causes a burn similar to that caused 
by a hot flame ( Voegtlin and Hodge *). The 
HF molecule is said to be capable of pene- 
trating epidermis (Roholm 

The opinion is expressed by some writers 
that highly diluted solutions of hydrofluoric 
acid are not injurious to the skin. Others 
comment that that is in relation to duration 
of exposure. On the other hand, Feil ® states 
that irritant action is still apparent in dilu- 
tion of 1% and 2%, whereas Bartalini and 
Grianti’ state that a 10% solution is not 
injurious to the skin, provided that there 
is short exposure to a limited area (Case 1 is 
not in conformity with this statement). The 
Manufacturing Chemists’ Association ® says 
in its Safety Data Sheet on hydrofluoric 
acid: 

When the contact is with a concentration of 20% 
or less, the burns do not usually manifest themselves 
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Fig. 1—Hands of patient of Case 1, showing the 
“marble-white” appearance of hydrofluoric acid burn 
affecting the distal phalanges of both thumbs and 
index fingers. The affected fingers contacted 10% 
solution of hydrofluoric acid after its application to 
textile material to remove rust stains. 


until several hours have elapsed. Concentrations of 
from 21 to 60% are usually detected in a much 
shorter period. Concentrations of from 61 to 100% 
usually are felt immediately. 


Clinically, burns from hydrofluoric acid 
vary from erythema to severe third-degree 
burns, depending upon concentration of the 
acid and promptness of treatment. Charac- 
teristic features are the following: white or 
yellowish-white color of the affected skin 
(as shown in Fig. 1) appearing early soon 
after the erythematous stage; rapid destruc- 
tion of tissue caused by diffusion of the 
acid within the tissues and its necrotizing 
action, and prolonged course of healing 
(Fig. 2). Severe pain is stressed by all 
writers ; for example, Bartalini and Grianti * 
write, “Pains are violent and in extreme 
cases can hardly be controlled by use of 
anesthetics.” In the patient shown in Figure 
1, the pain was severe, sleep disturbing, and 
more pronounced than suggested by objec- 
tive change. 


INDUSTRIAL USES OF FLUORINE AND OXALIC ACID COMPOUNDS 


Treatment. — Treatment of hydrofluoric 
acid burns differs from measures commonly 
employed in treatment of burns from other 
chemicals. It is generally recommended that 
the affected area be flushed for a prolonged 
period with water. Following this flushing, 
as cited from Jones ® in a pamphlet issued 
by the National Council of the Pottery In- 
dustry of Great Britain, immersion for one 
minute in weak ammonia (1 drachm of 
household ammonia in 1 pt. of water) to 
be alternated with water flushing has been 
advised. Jones® advises immersion of the 
affected area in saturated solution of sodium 
bicarbonate. More recently, immersion for 
half an hour in iced 70% alcohol or ice-cold 
saturated solution of magnesium sulfate has 
been recommended.* If immersion is not 
possible, one or the other of these solutions 
is used as a compress changed every two 
minutes for one-half hour. Bartalini and 
Grianti * employ the alcohol and magnesium 
sulfate solution in combination. 

The purpose of the iced solutions is to 
close lymph passages retarding passages of 
fluorine ion. The alcohol facilitates diffusion 
of the acid from the skin, and the magnesium 
sulfate solution is to form insoluble mag- 
nesium fluoride. 

There is uniform agreement of the value 
of local injections of calcium gluconate, fol- 


Fig. 2—Hands of patient of Case 1, showing 
scars resulting from a burn following splash of 
10% solution of hydrofluoric acid. Many weeks were 
required for healing. 
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lowed by local application of equal parts 
of powdered magnesium oxide and glycerin, 
U.S. P. The affected area is then padded 
with gauze, and a pressure dressing is ap- 
plied, comparable with treatment of a thermal 
burn. 


A 10% solution of calcium gluconate 
should be injected subcutaneously. The pur- 
pose is to inactivate the fluoride ion to form 
insoluble calcium fluoride. All the skin that 
has been exposed to the acid should be 
infiltrated, including at least % to % in. 
around the area. In extensive and deep 
burns Poliner’® reports injecting from 10 
to 50 cc. of calcium solution, with prompt 
relief from pain. Calcium injections should 
be performed early; this treatment after 
sloughing has appeared or the day following 
the burn is of doubtful value. 

Fredenhagen and Wellman‘! employed 
20% solution of magnesium sulfate for local 
injection. They recommend, however, cal- 
cium gluconate, since it is a better precipi- 
tating agent but slower in action owing to 
its slight dissociation. 


In treatment of burns around fingernails, 
it is advised splitting the nail from the distal 
end of the nail bed to afford free drainage. 
Calcium solution is injected around and be- 
neath the nail. The part is then soaked in 
iced alcohol or iced magnesium sulfate for 
one and one-half to two hours. 


Case 1 (Fig. 1).—This patient was removing 
rust stains on sweaters. He applied 10% commercial 
hydrofluoric acid to the stains by touching them 
with the stopper of the container. Apparently some 
acid contacted his fingers, since in about one hour 
after finishing this work the distal phalanges of 
both index fingers and thumbs pained and became 
red and swollen; still later the affected areas be- 
came marble-white, as shown in Figure 1. The 
pain became increasingly severe, and during the 
night he visited a neighborhood hospital for relief. 

The patient was first seen by one of us (J. V. K.) 
the fourth day following the burn. He had not 
received any phase of the aforementioned treat- 
ment. The affected phalanges were marble-white, 
swollen, tense, and tender. At the base of the white 
discoloration there was a band of redness. The 
affected epidermis was firmly attached. On account 
of severe pain the patient had little or no sleep for 
the past three nights. 
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It was thought too late to inject calcium gluconate 
locally ; moreover, one hesitated to inject the pain- 
ful, tender, swollen areas without general anesthetic. 
Instead treatment was carried out as follows: 
codeine only for the ensuing night; an intravenous 
injection of 10 cc. of a 10% solution of calcium 
gluconate, and 1 tsp. of calcium gluconate orally 
three times daily. Equal parts of calcium gluconate 
and (anhydrous) wool fat* were applied with a 
dressing. The patient was instructed to remove this 
paste and reapply it three times daily. 

The following day the pain was considerably less. 
Calcium injected intravenously was repeated; its 
oral administration and local application were con- 
tinued. On the fourth day the pain had disappeared ; 
the third and last injection of calcium was admin- 
istered. Part of the whitish epidermis was becoming 
detached, exposing a clean granulating surface. 
Complete healing ensued, with slight scar forma- 
tion, about one month from onset of burn. 


ACID-BASE BALANCE OF SKIN 


In all likelihood following penetration of 
hydrofluoric acid in the skin, the calcium 
and magnesium in the tissues are immobil- 
ized as calcium fluoride and as magnesium 
fluoride. 


The most important salts in the skin are 
those of sodium, potassium, calcium, and 
magnesium. Their influence depends not only 
on their absolute quantity but also on their 
relative proportions. According to Brown ™ 
the concentrations of sodium, potassium, 
calcium, and magnesium in normal human 
skin expressed in milligrams per 100 gm. 
of dry skin are as follows: sodium, 360; 
potassium, 290; calcium, 46, and magnesium, 
30; the total is 726 mg. There is some varia- 
tion in these figures as given by other 
investigators. 


* This mixture is a soft paste. There could also 
be used a saturated solution (about 30% at room 
temperature) of calcium levulinate, C. P., in wool 
fat. Calcium levulinate is more soluble than is 
calcium gluconate. Wool fat will take up without 
separation one to one and one-half times its weight 
of the calcium solution. The resulting mixture is a 
soft ointment. 


To facilitate penetration of calcium in both mix- 


tures, a wetting agent—sodium lauryl] sulfate 0.25% 
—could be added. 
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The influence of the acid-base ratio on 
the irritability and sensibility of the skin 
has been studied by many investigators. 
Such studies have shown contradictory re- 
sults, but there is probably more evidence 
relating increased irritability to high potas- 
sium and low calcium than the reverse 
(Goldsmith and Hellier '*). 

Klauder and Brown " studied the calcium, 
magnesium, sodium, and potassium content 
of the skin of rabbits under normal condi- 
tions, after various diets, and after experi- 
mentally induced states. Correlating the de- 
gree of irritability (by noting degree of 
reaction to external applications of dilutions 
of croton oil) and the mineral content of 
the skin, there appeared to be an inverse 
relation between the degree of irritability 
and the amount of potassium. The less the 
irritability of the skin, the greater the like- 
lihood of a high calcium content and a low 
potassium content; conversely, the more 
pronounced the irritability, the greater the 
likelihood of a low calcium content and a 
high potassium content. This relation was 
present in the majority, but not in all, of 
the animals studied. 

It is reasonable that the severe pain that 
characterizes hydrofluoric acid burn is con- 
cerned with immobilization of calcium re- 
sulting in potassium nerve stimulation.+ It 
is significant that pain and other sensory 
disturbances (as presently discussed) are 
conspicuous symptoms of cutaneous reaction 
to oxalic acid. The latter also inactivates 
calcium to form insoluble calcium oxalate. 

Calcium Therapy.—The use of calcium in 
treatment of hydrofluoric and oxalic acid 
burns serves a twofold purpose 


to neu- 
tralize these compounds and to supply cal- 
cium to the affected tissue to combat pain 


+ Spira 15 lists among other symptoms in chronic 
fluorine poisoning the following attributable to im- 
mobilization of calcium: paresthesia, chiefly affect- 
ing distribution of the ulnar nerve; cramps of the 
hands, feet, and legs; pruritus, and tetanoid symp- 
toms. Interestingly, Spira points out that fluorine 
has a toxicologic predilection for the ulnar nerve 
in contrast to lead for the radial nerve. 


and other sensory disturbances by restoring 
to normal the calcium-potassium ratio. Al- 
though magnesium may compensate for 
calcium in the aforementioned ratio in con- 
trolling cutaneous irritability, the latter is 
more intimately concerned with calcium. 

It would, therefore, appear indicated to 
include calcium gluconate (10%) (or any 
other soluble nonirritating compound of cal- 
cium) in the water that comprises the initial 
phase in treatment of hydrofluoric acid burn. 
A 10% solution of calcium gluconate is 
nonirritating. It would appear desirable to 
substitute calcium for magnesium for local 
application and to administer calcium glu- 
conate intravenously t and also, although 
less efficacious, orally. The mixture used 
in Case 1 was nonirritating and well toler- 
ated. Incorporating a wetting agent in this 
mixture would facilitate penetration of 
calcium. 

The aforementioned use of calcium could 
supplement the generally recommended treat- 
ment, more especially if calcium is not 
injected locally. There are pitfalls in local 
injection of calcium—the harm of multiple 
injections into damaged tissue and difficulty 
in injecting areas with little or no soft tissue, 
such as the ends of fingers and under the 
nails. Moreover, sloughing has been reported 
occurring at the sites of injection, apparently 
from too excessive an amount. 

The herein proposed treatment is a sug- 
gested modification of the conventional 
method of treatment. We are not prepared 
to state if it can displace local injection. 
We do not expect to see sufficient number 
of patients with hydrofluoric acid burns to 
determine this. 


EXPERIMENTAL STUDY 

Our purpose was to determine the irritant 
action on the skin of rabbits of varying con- 
centrations of hydrofluoric acid and of sat- 
urated solution of oxalic acid. 


t We noted only one reference in the literature 
in which calcium was employed intravenously. 
Schuermann 1® reported that an intravenous injec- 
tion administered one time failed to relieve the pain 
of hydrofluoric acid burn. 
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Hydrofluoric Acid—The inferior dorsal 
aspect of the ear of a rabbit was shaved, 
washed with soap and water, and dried. 
Three drops of hydrofluoric acid in concen- 
tration ranging from 1% to 50% were sepa- 
rately placed on the aforementioned region 
of the ear of different rabbits. This amount 
was allowed to remain for 5 minutes; the 
treated region was then rinsed in running 
water for 15 minutes. 

No reaction resulted from application of 
1%, 2%, and 4% concentrations. Transitory 
blanching occurred from 6%, 8%, and 10% 
concentrations. After application of 12%, 
15%, 18%, and 22%, crust formation ap- 
peared in about 24 hours at site of blanching 


Fig. 3.—Ear of rabbit, showing necrotizing action 
of hydrofluoric acid. The lesion resulted from ap- 
plication of three drops of 50% solution, remaining 
for 5 minutes before rinsing in running water for 
15 minutes. 


and disappeared in about one week. Applica- 
tion of 25% and 30% caused blanching fol- 
lowed by redness, later crust formation. 
These effects were observed from 35% and 
40% and, in addition, blister and superficial 
ulceration. These reactions were more pro- 
nounced from 50% concentration and were 
followed by deep ulcerations, as shown in 
Figure 3, evidencing necrotizing action. 

In the study employing higher concentra- 
tions, both ears of some animals were 
treated. After treatment, one ear was rinsed 
in water ; the other ear was not. The reaction 
of the unrinsed ear was more pronounced 
than that of the rinsed ear. This substanti- 
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ates clinical experience of the importance of 
rinsing with water the site of hydrofluoric 
acid contact. 

Oxalic Acid.—The distal two-thirds of an 
ear of a rabbit was immersed in a saturated 
solution (about 9.1% at 72 F [22.2 C]) 
of anhydrous oxalic acid for one minute. 
No cutaneous reaction ensued. The ear of 
another rabbit was similarly immersed for 
five minutes. Redness of the treated portion 
of the ear appeared soon after. In 24 hours 
redness was still present with scaliness; no 
ulceration ensued. A lintine disc, 1% in. in 
diameter, saturated with the oxalic acid 
solution, was maintained on a shaved area 
on the back of a rabbit for 24 hours. No 
cutaneous reaction ensued. 


INDUSTRIAL USES OF OXALIC ACID 


Although oxalic acid is a powerful and 
rapidly acting poison, acute and chronic 
industrial systemic poisoning is apparently 
rare, judging from the meager reports ** 
in the literature. Likewise, there are a 
sparing number of reports of cutaneous re- 
action from industrial exposure. 

Oxalic acid is an active reducing agent 
and is readily soluble in water. In anhydrous 
form a saturated solution at 72 F (22.2 C) 
is about 9.1%. 


Oxalic acid has widespread use in the 
textile industries. It is used in the applica- 
tion of acid dyes to wool and nylon, as a 
reducing agent for direct bleaching of fine 
woolens, for removal of rust stains from 
cotton, as a reducing agent of excess sodium 
hypochlorite in bleaching of cotton, and as 
a “gray sour” in the washing and preliminary 
treatment of woolen piece goods. 

In tanneries it is used to plump hides, 
as a bleaching agent, and in polishing patent 
leather; in the metal industry it is used 
especially in the polishing of copper, brass, 
and aluminum; and it is used as a detergent 
in scrubbing floors, to clean metal parts 
(as in Case 2), to clean leather (harness), 


_ and to remove iron stain from marble. 


It is used as a bleaching agent for straw 
hats and other straw goods and for certain 
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woods—mahogany and walnut. In the chemi- 
cal industry it is used in making formic acid 
and glycolic acid (electrolytic reduction) and 
for refining glycerin, stearin, and tartaric 
acid. Additional uses are in the manufacture 
of blue ink, for certain artificial colors, in 
the developing of photographs, and as an 
ink remover. 


It is not our purpose to discuss acute and 
chronic systemic poisoning by oxalic acid. 
It is pertinent, however, to point out that 
its poisonous action is due largely to its 
avidity for the calcium ion. Calcium is 
abstracted from the blood which explains 
tetanoid symptoms §— spasmodic twitching 
of the muscles of the face and extremities. 
Pain, numbness, and tingling in the extremi- 
ties have also been described. The external 
manifestations of ingestion of oxalic acid 
are said to include an opalescent or bluish 
discoloration of the nails, with brittleness 
and blood stasis in the hands. 

Of cutaneous reaction to oxalic 
Schwartz, Tulipan, and Peck mention 
gangrenous ulcerations, and, if the hands 
are affected, the nails become blue and are 
likely to fall off leaving an ulcerated nail 
bed. White *° paronychia and 
tender and sore finger tips (comparable 
with Case 2). According to Blyth * con- 
stant exposure may cause the nails to be- 
come white, opaque, and brittle. 

The patient reported by Grolnick ** was 
a painter who scrubbed floors with ungloved 
hands using a solution of oxalic acid—1 Ib. 
in 1 gal. (11.5%) or \% gal. of water. The 
first symptom of cutaneous reaction was a 
drawing pain and tingling sensation of the 
distal phalanges of all fingers. The pain 
prevented sleep. When seen by Grolnick on 
the second day, this patient had deep cyanosis 
of the hands, a sense of numbness, and 
stiffness ; flexion of the fingers was difficult. 


acid, 


mentions 


§ In a comparable manner rapid intravenous in- 
jection in rabbits of edathamil disodium, a chelating 
agent, lowers the serum calcium precipitously to 
levels causing tetany as described by Spencer and 
associates.1§ 
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The soft tissues were tense, and the hands 
felt cold to touch. He was improved the fol- 
lowing day and was not seen again. Grolnick 
was later informed that the patient recovered 
and resumed work. 


The cutaneous reaction of the following 
patient was similar to that reported by 
Grolnick **: 


Case 2|| (Fig. 4)—This patient was a white 
woman employed in cleaning the vestibules of rail- 
road coaches. This was done with a brush saturated 
with a 5.3% solution of oxalic acid. She wore cloth 
gloves that became saturated. After working three 
days, she complained of severe tingling, burning, 
and sense of soreness of the fingers that was sleep 
disturbing. 


Fig. 4—As discussed under Case 2 in the text, 
this patient was exposed to solution of oxalic acid 
and complained of severe tingling and pain of 
fingers, with purplish-red discoloration. 


Examination disclosed mild redness of the hands 
and, what was most conspicuous, a purplish-red dis- 
coloration of the fingers. The proximal border of 
this discoloration on some fingers was sharply 
marginated. There was no swelling and no derma- 
titis. The discoloration resembled a stain. The sub- 
jective symptoms were more pronounced than sug- 
gested by objective change. 


It is of interest that the cutaneous reaction 
of the two aforegoing patients was not asso- 
ciated with dermatitis. We believe pain and 
sensory disturbance are reasonably explained 
by immobilization of calcium in the tissues. 


|| This case is reported as Case 4 by Klauder.?% 
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It is of further interest to note resemblance 
of symptoms from local action of oxalic acid 
to those occurring after ingestion. 

In treatment of local cutaneous reaction 
as in treatment of systemic poisoning, cal- 
cium therapy is indicated. Intravenous injec- 
tion may alone suffice, perhaps supplemented 
by local application (as discussed in the 
aforegoing ). At least in the two aforemen- 
tioned patients, cutaneous and_ subjective 
symptoms were of brief duration, and since 
oxalic acid is not a powerful cutaneous irri- 
tant, local injection of calcium is not indi- 
cated. We were unable to determine from 
the literature what concentration of oxalic 
acid solution exerts cutaneous irritant action. 
To determine this, we performed patch tests 
on 10 normal persons employing 7% solu- 
tion and also a saturated solution. All 10 
persons reacted negative to 7% solution. 
With the saturated solution, all but two 
reacted positive. For one person the reaction 
was 1+; for five persons it was 2+; and 
for two persons the reaction was 3+-. 

Apparently then oxalic acid in saturated 
solution (at room temperature) exerts only 
moderate cutaneous irritant action on the 
skin of human beings as well as on the skin 
of rabbits. This is consistent with the expe- 
rience of one of us (J. V. K.) that cutaneous 
reaction from industrial exposure is rare 
and is doubtless reflected in the sparing re- 
ports of such in the literature. 

Consistent with the aforegoing, we were 
informed from a manufacturing source of 
oxalic acid that cutaneous reaction of work- 
ers exposed to the chemical is not encoun- 
tered. We were further informed that the 
most frequent industrial uses of oxalic acid 
are for cleaning railroad cars employing 
4.5% solution and for cleaning automobile 
radiators employing 2% to 3% solution. 

1934 Spruce St. 

3340 Chestnut St. 
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An Appraisal of 


ROBERT J. BOLT, M.D. 
CHARLES J. TUPPER, M.D. 
and 


O. T. MALLERY Jr., M.D., Ann Arbor, Mich. 


Rapid advance in the field of preventive 
medicine has led to the universal acceptance 
of preemployment physical examinations, 
first-aid stations, and workmen’s compensa- 
tion laws. During the past decade periodic 
health surveys have received favorable at- 
tention by industrial managements. These 
“health surveys” have, in general, consisted 
of “streamlined” programs consisting of rou- 
tine questionnaire cards to obtain the patient’s 
history, brief but complete physical examina- 
tion by physicians, and the utilization of a few 
basic laboratory tests commonly referred to 
as “screening tests.” These usually consist of 
the blood hemoglobin, blood sugar, urine tests 
for albumin and sugar, miniature chest 
x-rays, and, in some cases, single-lead electro- 
cardiograms. The results of these group 
health surveys have been striking in the num- 
ber of abnormalities discovered.* 


Shortly after World War II members of 
the Department of Medicine and the Institute 
of Industrial Health, of the University of 
Michigan Medical School and Hospital, were 
approached by certain industrial organiza- 
tions in the State of Michigan with the pur- 
pose of instituting routine annual check-up 
examinations for the executive personnel of 


the interested companies. After much 


Submitted for publication March 28, 1955. 
From the Institute of Industrial Health and the 


Department of Internal Medicine, University of 
Michigan. 


* References 1 and 2. 
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thought, discussion, and investigation of other 
programs a unique system was adopted at 
the University Hospital. 

The system consisted of conducting all ex- 
aminations on an inpatient basis. This was 
done for a number of reasons, foremost of 
which are the following : 


1. It would afford the examinee a more 
complete and satisfactory examination 
without the inconvenience of repeated 
visits on an outpatient basis. 


2. It would afford a much closer physician- 
patient relationship and allow for the 
carrying out of indicated special studies 
as well as providing opportunity for a 
personal report. 


3. It would allow for the institution of 
necessary treatment in the hospital and 
assure more adequate instruction and 
follow-up in each case. 


4. Finally, this system would afford an 
unusual opportunity to evaluate various 
laboratory and x-ray procedures when 
employed in the absence of symptoms 
and aid in establishing the value or lack 
of value of these tests as “screening 
measures” in asymptomatic persons. 


METHOD 


The type of examinations conducted are 
outlined as follows: 


First Day: Afternoon—History and physical exam- 
ination by intern or resident (gall bladder dye 
given) 

Second Day: Morning—Blood drawn for the 
following studies: C. B. C., sedimentation rate, 
serology, N. P. N., acid and alkaline phos- 
phatase, F. B. S., special studies p. r. n.; urine 
and stool specimen 
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History and physical examination by senior staff 
member 
X-ray studies: Gall bladder and upper G. I. 
Afternoon—Electrocardiogram, eye examination, 
and consultations (surgery, neurology, etc.) 
Third Day: Morning—Second senior staff visit 
(special problems, if any, discussed with pa- 
tient) ; sigmoidoscopy 
Afternoon—Colon x-rays; completion of consul- 
tations and special studies 
Fourth Day: Morning—Review of all studies with 
patient by senior staff member and _ findings 
discussed with patient 


The above examinations were initiated in 
1947 and have continued to the present time. 
This analysis covers the five-year period 
from July, 1947, to July, 1952. During this 
period of time, 943 examinations were done 
_on 500 persons. Owing to the character of 
the group study (corporation executives), 
481 were men and only 19 were women. The 
average age of those examined was 48.6 years, 
with a variation from 32 to 70 years. Two- 
thirds of the executives were between the 
ages of 40 and 55. As mentioned above, 500 
persons were seen for the first time. One 
hundred ninety-nine of these five hundred 
had returned for their second annual visit 
prior to July of 1952; one hundred thirteen 
of these had been seen on the third visit, 
sixty-three on the fourth, thirty-seven on the 
fifth, and thirty-one on the sixth visit. It 
should be emphasized that all persons studied 
were of a select group of business executives. 
The results cannot, therefore, be directly cor- 
related with findings in persons of all income 
brackets and occupations. 


RESULTS 

The over-all results are presented in Table 
1. It should be emphasized that all defects 
found on the second and subsequent examina- 
tions were discovered on that particular ex- 
amination or, in a few instances, developed 
subsequent to the previous examination. In 
other words, none of the defects found on 
Examination 1 were carried over and in- 
cluded in the figures of Visits 2, 3, 4, 5, and 
6, and none of the defects found on Visit 2 
were carried over to Visits 3, 4, 5, 6, ete. 
From Table 1 it readily becomes apparent 
that the percentage of patients found to have 
one or more defects on the first examination 
is extremely high (77.6% of 500 patients). 
This percentage is reduced for subsequent 
examinations but continues at highly sig- 
nificant levels for all examinations (25.0% 
to 36.5%). The finding of these abnormali- 
ties has very little significance, however, un- 
less the types of defects existing are classified 
according to their seriousness. In view of the 
almost impossible task of classifying diseases 
according to the severity of the disease in 
question, we have separated the defects into 
two groups. These groups are based on the 
premise that if treatment was necessary the 
defect must have been of some significance. 
In view of this, Table 1 is divided into those 
defects needing treatment and defects not 
needing treatment. In addition, the defects 
needing treatment are broken down in Table 
1 and analyzed as to whether they were dis- 
covered by the examination or had been 
known before and were merely confirmed by 


TABLE 1.—Defects Found on Physical Examinations of 500 Executives 


—/ 


Discovered* 


Confirmedt 
Patients —- 
Visit Seen, No. Patients Defects Patients Defects 
1 500 208 245 57 106 
(40.6%) (11.4%) 
2 199 36% 39 3 3 
(18.0%) (1.5%) 
3 113 23 23 1 1 
(20.3%) (0.9%) 
4 63 Ss 8 0 0 
(12.7%) 
5 and 6§ 68 12 16 0 0 


(17.1%) 


* Not known to exist prior to examination. 
+ Known prior to examination and confirmed. 


Total Defects Total Defeets Not 
Needing Treatment Needing Treatment Total Defects 
A AX 


Patients Defects Patients Defects Patients Defects 


260 351 128 408 388 759 
(52.0%) (25.6%) 77.6%) 
36 42 35 53 71 95 
(18.0%) (17.7%) (35.7%) 
24 24 7 vi 33 41 
(21.2%) (9.1%) (29.1%) 
8 s 15 20 23 28 
(12.7%) (23.8%) (36.5%) 
12 16 5 ll 17 27 
(17.1%) (7.9%) (25.0%) 


{ Three patients also had an additional defect known to exist prior to and confirmed by routine examination. 
§ Thirty-seven patients seen on five oceasions and thirty-one seen on six occasions. 
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the examination. It can be seen that 260 pa- 
tients had 351 defects which required treat- 
ment. In other words, 52% of the 500 pa- 
tients examined had some abnormality which 
required treatment, and in 203 of these pa- 
tients the abnormality was discovered for the 
first time on this examination. Stated differ- 
ently, 40.6% of the original 500 patients 
examined had some defect which required 
treatment and which was discovered for the 
first time on the routine examination. On 
subsequent examinations it can be seen that 
from 12.7% to 20.3% of all patients having 
annual reexaminations were found to have 
new abnormalities which had not been found 
on the examination of the previous year. 


Treatment Started 
A. 


Patients, 


Visit No. Patients Defects 
1 500 172 192 

(84.7%)t 
2 199 28 30 
(77.7%) 
3 113 21 21 
(91.3%) 
4 63 7 7 
(87.5%) 
5 and 6 68 12 14 
(92.3%) 


* Not known prior to examination. 
+t Per cent of total defects needing treatment. 
} Per cent of total patients examined. 
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One of the shortcomings of routine out- 
patient surveys has been the failure of initia- 
tion of therapy when indicated. Although 
many defects are found, the patient is not 
materially benefited, because of this failure 
to initiate treatment in many instances. In 
the survey being reported, indicated treat- 
ment was initiated prior to discharge from 
the hospital in the majority of instances. 
Table 2 shows the total number of patients 
and defects found for the first time (not 
known to exist prior to examination) and 
requiring treatment. It indicates that treat- 
ment was initiated in the hospital in 77.7% 
to 92.3% of the patients in whom defects re- 
quiring treatment were found. 


Visit 1 
(500)* 

Pa- New 

tients, Ther- Diag- 

Organ, System and Defect No. apy nosis 
16.5 ci $2 23 8 
Infarction 8 7 3 
Rheumatic 3 3 2 
Arteriosclerotic 6 2 1 
Syphilitic 1 0 0 
Genitourinary (10.2%) ..............000. 51 17 12 
Prostatic hypertension 27 6 
nse 3 2 0 
Carcinoma (prostate) ................ 0 0 0 
13 0 0 
Essential hypertension ............... 50 34 24 
16 8 5 


TABLE 3.—Types of Diseases Found on Examinations of 500 Executives 


Treatment Advised 
Patients Defects Patients Defects 
51 53 203 245 
(15.3%) (40.6% )t 
9 9 36 39 
(22.3%) (18.0% ) 
2 2 23 23 
(8.7%) (20.3%) 
1 1 8 8 
(12.5%) (12.7%) 
1 2 12 16 
(7.7%) (17.1%) 
Visit 2 Visit 3 Visit 4 Visit 5 
(199) (113) (63) (68) 
Pa- Ther- Pa- Ther- Pa- Ther- Pa- Ther- 
tients apy tients apy tients apy tients apy 
0 0 0 0 0 0 0 0 
3 2 6 4 1 1 0 0 
0 0 2 2 0 0 0 0 
1 1 0 0 0 0 0 0 
0 0 2 1 1 1 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
2 1 2 1 0 0 0 0 
0 0 0 0 0 0 0 0 
7 1 5 2 6 1 ) 3 
0 0 0 0 0 0 0 0 
4 1 2 0 4 0 3 1 
0 0 0 0 0 0 0 0 
1 0 0 0 2 1 2 1 
1 0 0 0 0 0 0 0 
0 0 1 1 0 0 0 0 
1 0 1 0 ( 0 0 0 
8 4 4 1 2 0 1 0 
6 4 3 1 2 0 1 0 
2 0 1 0 0 0 ® 0 
0 0 0 0 0 0 0 0 
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TABLE 3.—Types of Diseases Found on Examinations of 500 Executives—Continued 


Visit 1 
(500)* Visit 2 Visit 3 Visit 4 Visit 5 
——, (199) (113) (63) (68) 
tients, Ther- Diag- Pa- Ther- Pa- Ther- Pa- Ther- Pa- Ther- 
Organ, System and Defect No. apy nosis tients apy tients apy tients apy tients apy 
Bone and Joint (11.6%)................ 58 28 26 7 4 2 1 6 3 0 0 
12 7 6 3 l 0 0 1 1 0 0 
7 5 1 l 1 1 0 0 0 
Arthritis: 
2 2 2 0 0 0 0 1 1 0 0 
35 12 l4 2 1 1 0 4 1 0 0 
Herniated dise ....... 2 2 0 2 1 0 0 0 0 0 0 
Neuropsychiatrie (54%) ......... tn Se 12 6 6 0 3 3 i) 0 2 0 
Miscellaneous .......... 29 6 0 3 3 0 0 2 0 
Brown-Séquard ....... l 1 0 0 0 0 0 0 0 
2 2 0 0 0 0 0 0 0 0 0 
Multiple selerosis ....... 2 1 0 0 0 0 0 0 0 0 0 
1 1 0 0 0 0 0 0 0 0 
Asthma and/or bronehitis............ 20 8 0 1 1 0 0 1 0 0 0 
Tuberculosis ........... Débddnéwuatwaste 2 2 1 0 0 0 0 0 0 0 0 
BMGOCTING (71:09). 35 4 l4 2 2 1 0 1 0 2 0 
ova 3 1 1 0 0 1 0 0 0 1 0 
3 3 3 1 1 0 0 0 0 0 
10 7 3 0 0 0 0 1 0 1 0 
1 1 1 0 0 0 0 0 0 
cuted cc 12 10 5 0 0 0 0 0 0 0 
Hypoglycemia ....... - 6 2 2 0 0 0 0 0 0 0 0 
Gastrointestinal (45.2%) ............... 25 on 83 30 11 7 4 S 2 ll 6 
2 0 0 0 0 0 0 
2 l 1 0 0 6 0 0 0 0 0 
RA 22 18 17 2 2 0 0 1 1 1 
ae, ee ae 3 3 3 1 0 0 0 0 0 0 0 
20 12 1s 3 3 1 0 1 0 0 
30 15 1 1 0 1 1 0 0 0 0 
3 3 2 1 1 0 0 0 0 0 0 
7 4 0 0 0 0 1 0 1 1 
14 13 1 0 1 0 0 1 1 
Hemorrhoids ............ aiedmak ee ew’ 27 10 7 4 2 1 1 2 1 1 0 
0 0 0 0 0 0 0 0 0 0 0 
8 4 1 2 1 1 0 1 0 1 0 
1 l 0 0 0 0 0 0 1 1 
ro See 6 1 1 > 0 0 0 0 0 1 0 
1 1 1 0 0 0 0 0 1 1 
Esophageal diverticulum ............. 1 l 1 0 0 0 0 0 0 0 6 
Colon diverticulum .............. Is 0 0 4 0 0 0 , 0 2 0 
dv 87 56 40 17 7 7 5 0 0 4 4 
365 21 16 7 3 2 1 0 0 2 2 
3 1 0 0 0 0 0 0 
renee 19 11 8 0 0 1 1 0 0 2 2 
Contact dermatitis ................... 22 2 2 0 0 0 0 0 0 0 0 
Sebaceous cyst ............ 3 1 1 2 0 2 1 0 0 0 0 
25 7 6 2 1 0 0 0 0 
3 2 2 0 0 0 0 0 0 
1 1 1 1 1 1 ] 0 0 0 0 
3 3 2 0 0 0 0 0 0 0 0 
1 1 1 0 0 0 0 0 0 0 
2 1 1 0 0 0 0 0 0 0 0 
Ear-nose-throat (18.0%) ................ wT) 25 16 6 4 5 4 1 0 0 0 
4 4 2 1 1 0 0 0 0 0 
28 5 2 1 1 0 0 0 0 0 0 
10 5 2 0 0 0 0 0 0 0 0 
5 0 0 1 0 2 2 0 0 0 
Ge ran 0 0 0 2 1 0 0 0 0 0 0 
Méniére’s syndrome .................. 4 2 2 1 1 2 1 1 0 0 0 
19 2 1 0 0 0 0 0 0 0 
7 7 0 0 1 1 0 0 0 0 
Miscellaneous (11.4%) .................. 57 12 10 8 6 1 0 2 1 2 2 
Carcinoma (parotid) ................. 1 1 1 0 0 0 0 0 0 0 0 
Dental caries 23 5 4 1 1 0 0 0 0 0 
RE ee 6 4 3 1 0 0 0 0 0 1 1 e 
Pernicious anemia 1 0 0 0 0 0 0 0 0 0 0 
Conjunctivitis 20 1 1 3 2 0 0 1 0 1 1 
1 1 1 1 1 0 0 1 1 0 
Abdominal masses .................... 1 0 0 1 1 0 0 0 0 0 0 
A eee 1 0 0 1 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 


* The number of persons examined is given in parentheses, 
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Complete information as to the type of dis- 
ease found is shown in Table 3. The total 
number of patients found to have each ab- 
normality is noted in the first column of each 
visit. The second column represents the num- 
ber of patients in whom treatment was 
deemed necessary. In addition, the number 
of diseases found for the first time is listed 
in the last right-hand column of the first visit. 
On subsequent visits a separate column is not 
included for this, inasmuch as all diagnoses 
on subsequent visits were new defects. In 
other words, as mentioned before, diagnoses 
made on the first visit were not carried over 
to the second, third, fourth, and fifth visits. A 
number of interesting facts become apparent 
from a study of Table 3. It is to be noted that 
abnormalities of the gastrointestinal tract are 
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percentage of each major disease. The inci- 
dence of diseases found to be present in the 
500 patients seen for the first time is shown 
in Column 1. Of those patients returning for 
subsequent annual examinations, it is of spe- 
cial interest to note the number of cases of 
carcinoma found. It can be seen that the per- 
centage of newly discovered carcinomas is 
roughly the same for each of the visits listed. 
On the second examination one carcinoma of 
the skin was found to have developed subse- 
quent to the first examination; on the third 
examination another carcinoma of the skin 
was found and, in addition, a carcinoma of 
the prostate. On the fourth examination no 
new cases of malignant growths were found, 
but on the fifth examination a carcinoma of 
the colon was detected. A similar situation 


TaBLE 4.—Incidence of “Major” Diseases 


Organic 
Hyper- Peptic Heart 
Carcinoma tension Uleer Diabetes Disease 
Patients, Per Per Per Per Per 
Visit No. No. Cent No. Cent No Cent No Cent No. Cent 
500 4 0.8* 10.0 30 6.0 10 2.0 32 64 
199 1 0.5 6 3.0 1 05 0 wee 3 1.5 
113 2 17 3 2.6 1 0.9 0 6 5.2 
63 0 ose 2 8.2 0 1 1.6 1 16 
68 1 1.5 1 1.5 0 1 1.5 0 
8 63 32 12 42 


* One each of lung, colon, parotid gland, skin. Additional carcinomas: Visit 2, skin; Visit 3, skin, prostate; 


Visit 5, colon. 


far commoner than abnormalities of any other 
organ or system. Of all the diseases of the 
gastrointestinal tract, the majority of abnor- 
malities center around seven defects or dis- 
eases. These are peptic ulcer (30 patients, 
6.0%); pylorospasm (19 patients, 3.8%) ; 
inguinal hernia (22 patients, 4.4%) ; chole- 
lithiasis (20 patients, 4.0%); rectal polyps 
(20 patients, 4.0%) ; hemorrhoids (27 pa- 
tients, 5.4%), and diverticulosis (18 patients, 
3.6% ). Diagnosis of pylorospasm was based 
on the presence of symptoms only when there 
was x-ray confirmation of persistent spasm at 
the pylorus. 

In summary, 156 patients, or 31.2% of all 
patients seen for the first time, were found 
to have one of the above abnormalities. 

Table 4 lists the so-called “major diseases,” 
with the initial and cumulative numbers and 
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can be seen in the development of hyperten- 
sion, peptic ulcer, diabetes mellitus, and 
organic heart disease. In all these instances 
a fairly regular and consistent development 
of these diseases can be noted on each annual 
examination. 

The value of complete histories and physi- 
cal examinations in routine “check-ups” 
should require no emphasis. The diagnosis of 
most diseases, once they are well established, 
should in the vast majority of instances be 
strongly suggested on a purely clinical basis, 
with resort to laboratory and x-ray pro- 
cedures only as a means of supporting the 
impression gained by the clinician. The argu- 
ments for use of routine laboratory and x-ray 
studies in the absence of symptoms have been 
based largely on the belief that earlier diag- 
nosis of many diseases could be made by 
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utilizing these procedures more freely. In 
analyzing the value of these ancillary pro- 
cedures in our series and in any study of simi- 
lar nature, it is fair to attribute the finding of 
an abnormality to a specific procedure only 
if this test is positive in the absence of sig- 
nificant symptoms. For example, the finding 
of 15 cases of tuberculosis on routine chest 
x-rays at the County Fair is of unquestioned 
value. A more basic question, however, is: 
How many of these cases would have been 
suggested on the basis of an adequate history 
and physical examination if the person had 
consulted his physician? We have been im- 
pressed by the fact that very few persons who 
present themselves for a routine examina- 
tion are truly asymptomatic. Expressed dif- 
ferently, the vast majority of defects are sug- 
gested by the patient’s history or are diag- 
nosable on the physical examination. We feel 
that the clinical study continues to be the 
basic ingredient for success in all types of 
examinations. Laboratory and x-ray studies 
then become valuable aids. The use of routine 
questionnaire cards is a practice fraught with 
danger and is never a good substitute for a 
history obtained personally by the physician. 

By carefully reviewing the records of the 
943 examinations conducted, we found that 
308 of the 351 defects, or 87.7% of all defects 
requiring treatment and discovered for the 
first time on the routine check-up examina- 
tion, were suggested by the patient’s symp- 
toms or physical examination. Proper studies 
would therefore have been, or should have 
been, initiated even in the absence of the 
routine studies. Many of these would, of 
course, have been missed without adequate 
histories and physical examinations but with 
the laboratory and x-rays studied on a routine 
basis. Table 5 lists the significant defects 
found by means of the various ancillary pro- 
cedures. 

It should again be emphasized that this list 
includes only those abnormalities which were 
found in the complete absence of signs or 
symptoms suggestive of the abnormality 
found. It can be seen that 43, or 12.3%, of 
the defects requiring treatment were diag- 
nosed by the tests listed. These diagnoses 


would have been missed if these tests had not 
been utilized as routine procedures. It will 
be noted that three cases of diabetes were 
discovered in the absence of symptoms (0.5% 
of 943 exams) and one case of tuberculosis 
(0.1% of 943 exams). There were 10 pa- 
tients found to have cholelithiasis without 
symptoms, and there were 15 additional pa- 
tients with symptomatic cholelithiasis (Table 
3). The two cases of myocardial infarction 
are of interest in view of the absence of symp- 
toms. In both these cases the patients at the 
time of the taking of the history denied the 
existence of substernal, chest, shoulder, or 
arm pain. After the electrocardiograms had 
revealed changes diagnostic of a recent in- 
farction, the patients were reinterviewed. The 


TABLE 5.—Diseases Requiring Treatment: No 
Indication of Disease on Basis of History 
or Physical Examination 


Patients, 
Procedure No. Diagnosis 
Fasting blood sugar......... 3 Diabetes 


Roentgen examination 
Chest Tuberculosis 
diverticulum 


Choleeystogram ........... 10 Cholelithiasis 
1 Carcinoma 
Electrocardiogram ........ 2 Infarction 
Sigmoidoscopy ............. 16 Polyps 
Urine examination........... 8 Infection 
1 Diabetes 


Total 


43 (12.3% of all defects 
found for Ist time 
on 943 exams) 


first patient (J. W. M., Case 672,424) after 
much thought added the information that the 
only illness he had during the few weeks 
prior to admission was an episode of flu con- 
sisting of nausea and vomiting with slight 
fever which cleared after 24 hours of bed 
rest. Following this, he returned to work 
without further difficulty. The second patient 
(L. K., Case 660,518) was discovered to 
have an electrocardiogram diagnostic of 
recent myocardial infarction and showing 
definite changes from the previous electro- 
cardiograms (Visits 1 and 2). Although he 
obviously suffered a myocardial infarct be- 
tween Visits 2 and 3, the patient persistently 
denied having had any symptoms which 
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might have localized the time of the infarct to 
a specific date. 
COMMENT 


This review describes the method and the 
results of routine periodic health examina- 
tions done on an inpatient basis. The results 
indicate that a significant number of patients 
are harboring defects. The value of not only 
single but also periodic examinations is noted. 
The statistics given illustrate the fact that 
adequate histories and physical examinations 
continue to be the basic ingredient for success 
in this type of examination. In addition, how- 
ever, the value of routine laboratory and 
x-ray studies is pointed out. It must be added 
that the percentage of positive x-rays and/or 
laboratory studies which reveal significant 
disease in the absence of signs or symptoms 
is small. The time demanded of the roent- 
genologist, laboratory technician, in- 
ternist, as well as the financial cost to the 
patient, must be weighed against the sig- 
nificant findings after all the examinations 
are done. Whether the relatively few but sig- 
nificant findings nullify the many factors 
listed above is a question that must be an- 
swered individually and involves one’s entire 
medical and philosophical point of view. For 
the patient in whom an early and curable 
lesion is found, the answer is quite obvious. 
For the patient in whom no disease is found, 
the reassurance afforded is of unquestioned 
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value but cannot be measured in statistical 
terms. 


SUMMARY 


On the initial examination of 500 business 
executives, 52% were found to have one or 
more defects requiring treatment. 

Of all defects found on the first examina- 
tion and for which treatment was advised, 
69.8% were not known to exist prior to the 
examination. Of all patients seen for the 
first time, 40.6% were found to have one or 
more defects which required treatment and 
were not known to exist prior to the exami- 
nation. 

On subsequent examinations of the same 
executives, from 12.7% to 20.3% were found 
to have developed new abnormalities requir- 
ing treatment. 

The percentage of unknown defects sug- 
gested on the basis of the history and physical 
examinations was 87.7%. The routine and 
ancillary studies were responsible for the 
establishment of otherwise unsuspected diag- 
noses in 12.3% of the 351 defects found re- 
quiring treatment. 
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HARRY A. NELSON, Madison, Wis. 


Of the benefits provided by Workmen’s 
Compensation Acts, medical benefits are fre- 
quently cited as the most important. [ven 
cursory consideration will convince the stu- 
dent that these benefits are of greater value 
than monetary payments for disability. From 
the standpoint of the employee, the reduction 
of disability and the saving of life and limb 
obviously overshadow all other benefits. 
From the standpoint of the employer, medical 
care in all its phases means return to em- 
ployment of employees, often trained at great 
cost, and the saving of sums otherwise pay- 
able because of avoidable disability. With 
such a huge stake, it is not surprising that 
much thought and discussion take place as to 
what sort of care shall be given, over what 
period of time, and what physicians shall give 
treatment. If the employee has “his own” 
physician, he may wish treatment by him, al- 
though the physician may not be as compe- 
tent as some others. Some employers contend 
that because they furnish treatment they 
should be able to name the physician and 
assert that their liability will prompt them 
to afford the best of treatment. There are 
good arguments in support of both views. 

In Wisconsin, originally the Compensation 
Act provided that the employer had the sole 
right to supply the attending physician. In 
1915 the law was amended to provide that, 
where the employer had knowledge of injury 
and necessity for treatment, his failure to 

Submitted for publication April 1, 1955. 

Director, Workmen’s Compensation Industrial 
Commission of Wisconsin. 
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tender it would entitle the employee to relief 
from expense of treatment procured by him. 

In 1921 for the first time the Legislature 
recognized the growing demand of employees 
that some choice of physicians should be af- 
forded. The law was amended to provide for 
a panel to be named by the employer. Failure 
to maintain a reasonable number of physi- 
cians ready to undertake treatment and to 
permit the employee to make his choice con- 
stituted refusal of the employer to supply 
treatment. Initially the maximum number of 
physicians required on the panel was three, 
except that in the metropolis of Milwaukee 
the number was fixed at five. 

Following increasing demand for further 
choice, a number of amendments were made. 
The present law requires unlimited medical 
treatment and provides for a choice of physi- 
cians by the employee from a panel to be 
named by the employer. The employee has 
the right to make a second choice of physician 
from the panel. Further, the Industrial Com- 
mission may upon summary hearing permit 
an injured employee to make selection of a 
physician not on the panel. This insures that 
the employee will always have the right to 
treatment by a physician who is competent 
and in whom the employee presumably has 
confidence. 

In determining the reasonableness of the 
size of the medical panel, the Commission is 
required to take into account the number of 
competent physicians immediately available 
to the community in which service is re- 
quired. Where only one physician is availa- 
ble, the tender of attention by that physician 
is sufficient. Partners and clinics are counted 
as one physician only in the listing. Every 
employer is required to post names and ad- 
dresses of the physicians on his panel so as 
to afford employees reasonable notice. 


427 


. 
3 
. 
ik 
2 
a 
q 
: 
: 
eer q 


A. M. <A. 


The State Medical Society of Wisconsin, 
in cooperation with associations representing 
both stock and mutual insurance companies, 
undertook to enlarge panels through the vol- 
untary cooperation of employers and carriers. 
Through this effort the large majority of 
workers subject to the act have available to 
them practically free choice of physician. 
Panel provisions, however, permit employ- 
ers and carriers to a degree to eliminate from 
the panel physicians who are not competent 
to treat or who fail to recognize their obliga- 
tions as attending physicians. In order to 
effectuate a full understanding, a voluntary 
agreement has been entered into by physi- 
cians with the State Medical Society. The 
Society has undertaken the task of canvass- 
ing all its member physicians to learn 
whether or not they wish to treat industrial 
injuries. If they do, they are informed of 
their right to be included on panels, pro- 
vided that they will agree to certain princi- 
ples as follows : submission to mediation cases 
where it is claimed that the attending physi- 
cian has neglected or refused to furnish re- 
ports reasonably necessary ; mediating cases 
where it is claimed that carriers have unrea- 
sonably interfered with what is properly in 
the discretion or control of the attending phy- 
sician ; reviewing any situation in which it is 
claimed that there has been a violation of 
medical ethics and referring facts relative 
thereto to the board of censors of the County 
Medical Society ; mediating differences which 
may arise between the physician and the em- 
ployer or carrier relative to remuneration, 
and hearing complaints relative to the compe- 
tency of those serving on panels and remov- 
ing their names if upon investigation it is 
found that complaints are justified. 

The attending physician agrees to com- 
municate with the employer or carrier as to 
consultation when so requested and to at- 
tempt to agree on the consultant. The attend- 
ing physician, however, has full control of a 
case and is required finally to exercise his 
own judgment as to treatment and consulta- 
tion. The employer or carrier may at any 
time refuse to pay for further treatment, 
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which will leave the employee free to procure 
his own treatment and to prove that it is 
necessary and the cost reasonable, which, if 
shown, will entitle the employee to relief 
from expense incurred. 

There is provision for the setting up of a 
state conference committee of four persons, 
two representing carriers and two who are 
physicians representing the Medical Society. 
It is the function of this conference to coor- 
dinate the obligations of carrier with the fa- 
cilities of the medical profession to provide 
proper benefits to injured employees. 

Under these agreements an employer, in- 
surance company, or the Commission reports 
to the Medical Society the names of physi- 
cians who have failed to supply medical re- 
ports or otherwise have failed to live up to 
their obligations. The offending physician is 
given opportunity to explain and to promise 
to mend his ways. If he fails to do so, his 
name is removed from the panel. 

Under this arrangement it is obvious that 
only members of the State Medical Society 
are placed on the panels. This has met with 
objection at times on the part of labor repre- 
sentatives who contend rather ironically that 
the panels have set up a “closed shop.” Em- 
ployers who wish to place the names of other 
physicians who are not members of the So- 
ciety on their panels are free to do so. Gener- 
ally speaking, however, members of the So- 
ciety are the physicians who comprise the 
panels maintained by employers. To the ob- 
jections of those who contend that nonmem- 
bers of the Society should be placed on the 
panels, the answer is made that, on the whole, 
physicians who are members of the Society 
are at least as competent to treat as are 
nonmembers. The plan adopted carries out 
the legal provision requiring the listing of a 
reasonable number of physicians who are 
competent and willing to treat. One note- 
worthy attainment is that the Society itself 
undertakes to discipline panel members in 
event of failure to carry out their obligations, 
both to employer and to employee. 


Under the panel plan, out of a total of about 
3800 physicians in Wisconsin, ef whom pos- 
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sibly 400 are not eligible for panel inclusion, 
2183 physicians are listed on panels. This 
constitutes 64% of the total number of prac- 
ticing physicians in the state and 68% of the 
total number of the 3200 members of the 
State Medical Society. In Milwaukee, most 
employees have a primary choice from a total 
of 568 out of 1200 of the total number of 
physicians practicing in Milwaukee, includ- 
ing specialists in every field. 

There are, of course, many obstetricians, 
pediatricians, and other specialists who are 
not interested in industrial work. A certain 
number of physicians by choice do not engage 
in this type of service. 

At common law communications to an at- 
tending physician are privileged and may not 
be communicated by him. The Workmen’s 
Compensation Act creates an exception to 
the general law of privilege, so that any phy- 
sician having attended an injured employee 
who files a claim under the Workmen’s Com- 
pensation Act may be required to testify be- 
fore the Commission when it so directs. 
Further, to clear all misunderstanding, the 
law provides that, notwithstanding any other 
statutory provisions, any physician attending 
a Workmen’s Compensation claimant may 
furnish to the employee, employer, Work- 
men’s Compensation carrier, or the Commis- 
sion information and reports relative to a 
compensation claim. 

The Commission regards the physician who 
treats the injured workman at the request of 
the employer to all intents and purposes as 
the physician of the injured employee. The 
physician owes the same duty of adequate and 
proper treatment at reasonable cost as he 
would were he retained by the employee. He 
is aware that there will be no question as 
to availability of funds for all necessary treat- 
ment. He owes the duty to the employer to 
make all necessary and reasonable reports. 
It is presumed that his reports and his testi- 
mony before the Commission will be abso- 
lutely fair and unbiased, favoring neither the 
employee, because he is the employee’s physi- 
cian, nor the employer or carrier, because his 
bill is to be paid by one of them. 


When the claim of an injured workman 
that he has suffered injury in the course of 
employment or that he has certain disability 
is disputed by the employer or carrier, the 
physician must be prepared to give testimony. 
In many cases, the fact of injury or disease 
being suffered in the course of employment is 
accepted by the employer or insurance com- 
pany, and the question is confined to the ex- 
tent of disability. 

Where the claim is controverted, either as 
to causative factor or as to extent, either em- 
ployee or employer may call upon a physician 
other than the attending physician to appear 
as an expert witness in his behalf. In such 
case, the physician needs to make a careful 
study and examination and be prepared to 
present his opinion adequately and carefully. 

Under the Wisconsin law, each party must 
stand the expense of his own proof. In order 
to save expense for the employee, the law 
provides that the contents of verified medical 
and surgical reports by physicians and sur- 
geons licensed in and practicing in Wisconsin 
presented by claimants for compensation shall 
constitute prima-facie evidence as to the mat- 
ter contained therein, subject to such rules 
and such limitations as the Commission may 
prescribe. Reports of physicians and sur- 
geons out of the state may also be used as 
evidence if the claimant has been sent for 
examination or treatment by the employer or 
insurer, provided that the physician consents 
to subject himself to cross examination. Rec- 
ords of hospitals or sanitariums may be used 
insofar as they may otherwise be competent 
and relevant (Sec. 102.17 [1] [as] Wis. 
Stats. ) 

There is further provision for examination 
by the employer or carrier, by its physician, 
and by the Commission by a physician ap- 
pointed by it. Failure to submit to reasonable 
examination upon written request of the em- 
ployer or carrier will suspend the right to 
compensation during the period of refusal. 
Failure to submit after direction by the Com- 
mission will bar the right to compensation 
during the period of refusal. 

Under Rule 21 of the Commission’s rules 
of practice, any party to a claim must furnish 
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the Commission with copies of physicians’ re- 
ports in its possession or procurable by it. 
The Commission may, in turn, furnish these 
reports to other parties in interest. This in- 
sures that both parties will be thoroughly in- 
formed as to the facts and opinions upon 
which claim is based or denied. Under Rule 
22, there is provision for serving of reports 
to be used as prima-facie evidence. The report 
must be filed with the Commission at least 15 
days prior to the date of a hearing, unless 
good cause for failure so to file is shown. 
The employer or carrier, if it wishes to cross 
examine the reporting physician, must ar- 
range for his attendance. All reports which 
are filed are subject to cross examination or 
rebuttal. 

In the case of Philler v. Waukesha County, 
139 Wis. 211, the Supreme Court held that 
expert witnesses may not require payment in 
excess of statutory fees unless work is per- 
formed in preparation at the request of a 
party. A physician must obey a subpoena 
when ordinary witness fees only are paid. 
He is not, however, required to engage in 
study or preparation but must, when asked 
to testify, respond to questions involving 
either fact or opinion, provided that he has 
knowledge of fact or has formed an opinion. 

Although the Commission has an estab- 
lished fee schedule for reporting and testify- 
ing at the instance of the Commission, it no 
longer adheres to the schedule but allows 
what it believes is a reasonable amount for 
services rendered. The cost of independent 
medical examinations is charged to the em- 
ployer or carrier. 

The fees allowed by the Commission in 
case of independent examination do not gov- 
ern the contractual relation between the phy- 
sician and the claimant or the physician and 
the employer where the physician is called as 
the expert witness of either. In cases in which 
the physician appears as an expert witness 
for the employee and seeks to have his fees 
paid directly out of the compensation award, 
the Industrial Commission endeavors to pro- 
tect the employee by permitting a reasonable 
allowance for the expert. 
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The court has held that as between em- 
ployer or carrier and the attending physician 
the Commission has no jurisdiction to deter- 
mine what payment is to be made (Noer v. 
Jones Lumber Co., 170 Wis. 419). The Com- 
mission has power to determine reasonable 
expense of treatment only when the employer 
has failed in his duty to provide medical at- 
tention so that the employee has provided 
it himself. Where dispute arises as to the 
charge to be made by the attending physician 
to the employer or carrier, the arbitration 
committee of the State Medical Society is 
available in those cases in which the physi- 
cian has been listed on the panel formulated 
by the Society. In other cases where agree- 
ment cannot be reached, the physician’s rem- 
edy is by suit at common law. 

With a general broadening of panels of 
physicians, it is desirable that they have a 
clear understanding as to estimating of per- 
manent disability of terms of the Act. A 
study of the Act as to benefit provisions, and 
particularly of Sec. 102.42, 102.43, 102.44, 
102.52, 102.54, 102.55, 102.555, 102.565, is 
recommended. Copies of the Compensation 
Act in pamphlet form are available and will 
be forwarded by the Industrial Commission 
to any interested physician upon request. 

Under the provisions of the Act, injuries 
may be divided into two types for the purpose 
of estimation of permanent disability, i. e., 
nonschedule and schedule injuries. This dis- 
tinction is, however, largely of historical im- 
portance only, following the decision of the 
Supreme Court in the case of Northern States 
Power Co. v. Industrial Commission, 252 
Wis. 70. 

So-called nonschedule injuries are those to 
some portion of the body other than the legs, 
arms, ears, or eyes, or their constituent parts, 
i. e., to the torso or to the head. 

Formerly disability under nonschedule in- 
juries was placed on the basis of wage loss, 
either actual or prospective. Consideration 
had thus been given to the form of work 
which was suitable for the employee in view 
of his disability. In the case cited, the court 
held in 1947 that a showing of actual wage 
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loss was not necessary and that estimates of 
permanent disability were in the same cate- 
gory as “schedule” injuries. In both cases, 
therefore, the question is a comparison of dis- 
ability as related to total disability, either of 
the whole body or of the member or organ 
involved. The number of weeks allowed for 
a given disability arbitrarily fixes compensa- 
tion for total disability. The estimate of dis- 
ability takes no regard of any particular oc- 
cupational use to which the member or the 
body is to be put. The violin player who has 
lost a digit vital for the purpose of playing and 
who may consequently lose much wage re- 
ceives exactly the same number of weeks’ 
compensation as does the laborer who may be 
able to perform his work nearly as efficiently 
as before. The law fixes the value of the body 
and of each finger, thumb, toe, hand, arm, 
foot, and leg at various points. In the esti- 
mates of disability, the physician considers 
the percentage of loss which has resulted to 
the given unit as of the joint to which disa- 
bility exists or, if disability is between joints, 
at the joint proximal to the point of dis- 
ability. For example, if there is disability 
proximal to the wrist but none above the el- 
bow, the comparison is of the arm with the 
normal arm at the elbow or, conversely, with 
an arm which has been amputated at the 
elbow. 

Because in every case of schedule injury 
where there is a certain limitation of dis- 
ability involved the functional disability for 
that factor is the same as in other identical 
cases, the estimate in such cases should be 
uniform. If the employee has lost his ability 
to raise his arm at the shoulder beyond the 
horizontal level and has no other disability, 
the estimate should manifestly be the same 
in his case as in all other cases where the 
limitation of motion is identical and where no 
other disability has resulted. 

In case of schedule injuries, the Commis- 
sion has found it possible to establish certain 
landmarks for the related disability applicable 
to a specified handicap. After many hearings 
with physicians, and in cooperation with the 
State Medical Society, the Commission has 
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adopted a schedule of related disabilities to 
serve as a guide in rating disabilities short of 
amputations or total loss of all function. In 
the example cited, where the loss of function 
is represented by a limitation of active eleva- 
tion of the arm in all directions to 90 degrees, 
but otherwise normal, the loss is interpreted 
at 20% of the arm at the shoulder. In all the 
cases where landmarks have been adopted, 
the percentage of disability must vary, as 
other conditions exist which constitute ele- 
ments of functional loss. If, for example, 
in addition to limitation of motion, there is 
disabling pain or weakness, a percentage must 
be added for these elements. As the Com- 
mission has adopted landmarks only for loss 
of certain specified functions representing 
disability, the physician must exercise his 
best judgment as to the percentage to be 
added for other items which may conduce to 
disability. 

As a guide for the estimating of disabilities, 
the Commission has adopted the accompany- 
ing Table, representing per cent of loss of 
use as compared with amputations at involved 
joints. 


REPORT FORM 


For use in reporting disabilities, the Com- 
mission has adopted forms for use of physi- 
cians. 

To enable the Commission to pass upon dis- 
ability, the physician’s report is to contain as 
a minimum all the information requested by 
the form. If in any case use is not made of 
the form, the physician should make certain 
that the requirements of the form are met. 
In some cases the physician will wish to 
elaborate upon his report by letter or other- 
wise. That is desirable when the case is a 
complicated one or when, for other reason, 
additional information seems desirable. 

In addition to the regular form, the Com- 
mission has adopted another form, under pro- 
vision of Sec. 102.17 (1) (as) Stats., which 
provides that the contents of verified medical 
and surgical reports by physicians and sur- 
geons licensed in and practicing in Wisconsin 
and also reports of physicians and surgeons 
wherever licensed and practicing, to whom 
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Guide for Estimating Disabilities 
Per 
Shoulder Cent 
Total ankylosis at the snoulder with arm at 
Total ankylosis at the shoulder with arm at 
Limitation of active elevation to 45° but 
Limitation of active elevation in all directions 
to 90° but otherwise normal.................. 20 
Limitation of active elevation to 135° but 
Elbow 
Ankylosis of elbow joint at 45° less than 
full extension (radioulnar motion destroyed, 
hand 45° less than fully promated).......... 60 
Total ankylosis of arm at elbow at right angles 
With radioulnar motion intact............... 50 
With radioulnar motion destroyed (hand 45° 
less than fully pronated).................0. 70 
Ankylosis of arm at elbow at 45° less than 
full extension 
With radioulnar motion intact............... 45 
Limitation of motion of elbow joint (radio- 
ulnar motion unaffected) 
Remaining range, 90°-135°........... 20 
Remaining range, 35 
Ankylosis of radius and ulna, estimated at 
elbow joint (hand 45° less than fully pro- 
Wrist 
Ankylosis, straight position.................... 25 
Complete 
Fingers Mid- Exten- 
Complete ankylosis position, sion, 
Thumb %o % 
25 35 
Proximal joint only................ 15 20 
Distal and proximal joints......... 35 65 
Distal, proximal, and carpometa- 
85 100 
Fingers 
25 35 
Proximal joint only................ 40 50 
Distal and middle joints............ 85 100 
Distal, middle, and proximal joints 100 100 
Loss 
Loss Loss of Loss 
of of Exten of 
Loss of motion Flexion, Use, sion, Use, 
Fingers % % %o % 
Distal joint only..... 10 1 10 2 
20 2 20 4 
30 3 30 6 
40 5 40 8 
10 50 15 
60 15 60 20 
70 20 70 30 
80 25 80 40 
100 60 
Middle joint only..... 10 5 10 2 
20 10 20 5 
30 15 30 10 
40 25 40 15 
40 30 
60 50 60 50 
70 60 70 70 
80 70 80 90 
100 100 
Proximal joint only.. 10 5 10 2% 
20 10 20 5 
30 15 30 15 
40 20 40 20 
50 25 50 25 
60 30 60 40 
70 35 70 75 
80 40 80 
90 100 


(Where there is partial disability to two or more 
phalanges, the estimate of the physician should take into 
consideration the greater cumulative effect because of such 
multiple disabilities. By analogy, the allowances for com- 
plete ankylosis, where two or more joints are affected, 
may be used as a guide for comparison as to the greater 
allowance to be made because of the combined disabilities 
to two or more phalanges.) 
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Per 
Hip Cent 
Ankylosis in alignment for normal standing 
Shortening of leg (no posterior or lateral 
angulation, age 50 or less) 
‘ 
14 
22 
Knee 
40 
Limitation of motion, remaining range 
Ankle 2 
Ankylosis—favorable position 10° to 15° equinus 
without loss of inversion and eversion...... 30 
Ankylosis—favorable position with loss of 
inversion and 40 
Loss of inversion and eversion with full 
dorsal and plantar flexion remaining...... 15 e 


the claimant has been sent for examination or 
treatment by the employer or insurer, shall 
constitute prima-facie evidence as to the mat- 
ter contained therein. This report is available 
only for use of the claimant and not for use 
of the employer or carrier. Its purpose is to 
save expense for the employee and to enable 
him to present proof in cases involving rather 
small amounts. 


When the form is used, it is unnecessary 
for the physician to appear personally at the 
hearing, except as he may be called by either 
party for oral testimony. If the physician is 
so called, the party that wishes him to appear 
must make arrangements and pay the ex- 
pense. 

In addition to these forms, the Commis- 
sion also makes use of a form for use in cases 
of loss of vision. These are supplied to physi- 
cians upon their request, together with rules 
for determining loss of visual efficiency. In 
the case of partial deafness, the Commission 
has approved standards and methods for de- a 
termination of loss, which also are available 
upon request. Physicians very generally fol- . 


low the Commission’s rules in reaching an 
estimate as to the percentage of loss of vision : 
or hearing. Payments are usually made based ‘ 
on these standards, thus obviating the neces- 

sity for hearing and decision based on con- ae 


flicting testimony. 


ESTIMATES OF DISABILITY 


Obviously, methods of estimating must be 
in accordance with the law, regardless of the 
personal feeling of the physician as to the 
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correctness or justice of the law. In general, 
parties are probably in agreement as to the 
essential justice of these provisions. How- 
ever, physicians may at times have some 
doubt in individual cases as to the equity of a 
legal provision or may feel that the law is 
harsh or inadequate from the standpoint of 
employer or employee. That feeling should 
never be allowed to influence the physician, 
either in treating or in estimating disability. 

The physician who estimates disability 
should in no circumstances concern himself 
with the result in number of weeks or in dol- 
lars but should confine himself strictly to 
estimating disability on a functional basis. 
He should never suggest that a case should 
be settled on a certain basis but should set 
out his pertinent findings and his estimate of 
disability based upon them. It is the function 
of the employer and carrier, not that of the 
physician, to propose the basis for settlement. 
The physician’s function is to report his 
factual findings, with his opinion as to the 
possibilities and probabilities which may be 
involved, leaving to the employer or carrier 
and to the Commission the question of 
whether or not settlement should be made 
and upon what basis. It is clear that if the 
physician is influenced by the amount of com- 
pensation which may be paid to the injured 
his estimate may not be on a valid basis. 

It is usually undesirable that physicians at- 
tempt to compute the amount of compensa- 
tion to become due. The law fixes the amount 
to be paid on the basis of disability which has 
resulted. Computation of compensation based 
on estimates of disability is the function of the 
employer or carrier and ultimately that of the 
Industrial Commission. Attempts of physi- 
cians to compute compensation to be paid 
very often result in erroneous figures, which 
cause confusion and misunderstanding on the 
part of both the physician and the injured per- 
son. 

In the estimating of disabilities to mem- 
bers included within the “schedule” group, it 
should be recognized that 50% loss of motion, 
or 50% loss of strength, of itself does not 
necessarily mean 50% loss of function of the 


limb. All functions must be considered, such 
as motion, freedom from pain, strength, co- 
ordination, quickness of action, endurance, 
sensation, etc. To each factor must be as- 
signed by the physician the percentage which 
he considers represents the proportion of 
functional use of that factor as compared with 
all functions of a normal member, and to each 
factor must be applied the percentage of loss 
of the particular factor involved. The total 
of the resulting percentages constitutes the 
percentage of disability to the member. 

Because the Commission has adopted land- 
marks based on loss of motion, some physi- 
cians fail to consider the many other factors 
which may constitute a portion of disability. 
In such cases the physician should add the 
percentage assigned to the other factors. 
Where loss of motion is greater or less than 
that represented by the landmarks established 
by the Commission, the physician should add 
or subtract such percentage as he believes 
will represent fairly the greater or smaller 
percentage of disability found to have re- 
sulted. In making his estimate, the physician 
will be guided by the landmark laid down for 
the most nearly comparable disability for 
which a landmark has been established. 

Unless physicians make prompt and com- 
plete reports, it is not possible for employers 
and carriers to pay compensation speedily 
and without interruption, as due. Physicians 
who, because of press of other business, or 
because of a lack of desire on their part to 
participate in the compensation program, find 
it impossible to do justice to the parties or to 
make all necessary reports promptly should 
not be included on panels of employers for 
the purpose of treatment; nor should they at- 
tempt to examine or to estimate disability. 
Physicians notably have it within their power 
to hasten or delay the payment of compensa- 
tion. Time is of the essence in the payment 
of compensation to those who so often are in 
urgent need because of their unexpected mis- 
fortune. 


Many reports have to be returned to physi- 
cians because of their use of terminology 
which does not follow that used in the statute. 
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For example, the statute refers to the thumb, 
index, middle, ring, and little fingers and to 
disability at the distal, second, and proximal 
joints. Some physicians refer to the first, 
second, third, and fourth fingers, and some 
designate the thumb as the first finger. Also, 
some physicians speak of the interphalangeal 
joints, leaving confusion as to the point of 
measurement. Use of language of the statute 
will avoid a good deal of confusion and neces- 
sity for supplementary reporting. 

As it is the Commission’s ultimate function 
to fix the percentage of disability, full reports 
covering all factors should be made, setting 
out in detail the elements which constitute 
disability and stating as nearly as possible the 
percentage of loss which has been ascribed to 
each. The physician should also set out his 
opinion as to the ultimate total percentage of 
disability which has resulted and designate 
the point at which such disability exists. That 
enables the Commission to check the report 
with the Commission’s standards and to ar- 
rive at an intelligent and uniform conclusion. 
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Occasionally physicians propose certain 
standards or schedules for the measurement 
of disability. Some of these may not be in 
conformity with the standards or schedules 
adopted by the Commission. Only such stand- 
ards which have been adopted and published 
by the Commission should be considered as 
authoritative or as representing the Commis- 
sion’s thought as to percentages of disability 
based on certain functional losses. Where no 
standards have been adopted, physicians are, 
of course, free to estimate according to their 
best opinion. It is appreciated that other 
schedules may be studied as a matter of in- 
terest by physicians who will undoubtedly 
wish to arrive at an opinion based upon their 
own examination and analysis and by refer- 
ence to the standards which the Commission 
has authoritatively adopted after consultation 
with physicians who have given broad study 
to the estimating of disability. Finally, if the 
physician does not agree with standards sug- 
gested by the Commission, it is his duty to 
make his estimate according to his best judg- 
ment, pointing out the reason for his estimate. 


: 
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DONALD A. MORKEN, Ph.D., Rochester, N. Y. 


INTRODUCTION 


The inhalation and retention of radon and 
its decay products constitute an important 
health hazard in the uranium mining indus- 
try. The toxic effects of radon have been 
known for about 50 years,’ and the first 
recommendation for a maximum permissible 
concentration of radon was proposed about 
15 years ago.* Until recently radon alone 
was considered to be the hazard, but re- 
cent measurements in uranium mines * have 
shown that the concentration of the short- 
lived decay products of radon may well ex- 
ceed the concentration of radon, especially 
in well-ventilated mines. A consideration 
of the dose delivered to the lung of a miner 
by the decay products which he inhales and 
retains indicates this dose may be much 
greater than that due to the radon which is 
present in the atmosphere.® As a result, much 
effort has been devoted recently to a deter- 
mination of the effect of decay products, and 
much time has been devoted to sampling 
atmospheres for decay products and devising 
sampling techniques for these decay prod- 
ucts.* A maximum permissible concentration 
for alpha emitters, principally RaA and RaC’ 
from radon, has been fixed temporarily at 100 
micromicrocuries per liter.* 

The effects attributed to radon and its 
decay products may be examined experi- 
mentally, since it is relatively easy to pro- 
vide an atmosphere which contains either 
radon or the decay products.* In order to 
obtain a starting point for such experiments, 


Recorded for publication Dec. 9, 1954. 

This paper is based on work performed under 
contract with the United States Atomic Energy 
Commission at The University of Rochester Atomic 
Energy Project. 


* References 6 and 7. 


a thorough search of the literature was made. 
This search has revealed no inhalation ex- 
periment which has determined unequivocally 
the toxicity of radon or its decay products 
as separate entities.’ In general, past experi- 
ments were unsuccessful because of lack of 
suitable control over the atmosphere, failure 
to differentiate the effects of the decay prod- 
ucts from those of the radon, continuance 
of exposure to death of all animals, and the 
brevity of the experiments. 


In order to clarify, and possibly amplify, 
the data found in the literature with regard 
to both acute and chronic exposures, a pro- 
gram of radon inhalation exposures has been 
established. A separate series of experiments 
will provide exposures to atmospheres con- 
taining only alpha decay products from ra- 
don. The first experiments were designed to 
provide a suitable base line for the planning 
of the program. The acute toxicity of radon 
to mice has been determined in the nature 
of a 30-day lethal dose experiment, along 
with some information on the shortening of 
life span due to radon inhalation. 


EXPERIMENTS 


A closed respiration system permitted mice to be 
exposed to concentrations of radon of about 0.22 mc. 
per liter, free of decay products of radon, for periods 
up to 40 hours.? Adult CAFi-strain mice were given 
dosages which ranged from 1.1 to 8.8 mc-hr. per 
liter. For control data, mice were put into the 
chamber for 10 hours, with no radon present. None 
of the mice in any experiment died during exposure. 

The concentration of radon was measured for 
each experiment, and air samples of the chamber 
atmosphere were analyzed for the presence of decay 
products. After exposure the mice were removed to 
an animal storage room for observation. Animal 
weights and blood counts were recorded routinely, 
and the animals were observed for the many physio- 


+ The dosage given here is the product of the 
concentration of radon in millicuries per liter and the 
exposure time in hours. 
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Tasie 1.—Thirty-Day L. D.so of Mice Exposed to 
Radon, Free of Decay Products, 
by Inhalation 


Deaths 
Experi- in 30 Dosage, 
ment, Mice, Days, Mortality, Me- 
No. No. Sex No. N Hr/L. 
2 11 M 11 100 8.8 
6 10 F 7 70 8.1 
9 14 M 0 0 7.5 
8 13 F 1 7 6.6 
7 15 F 0 0 5.7 
4 10 F 0 0 44 
5 10 F 0 0 3.3 
3 15 F 0 0 2.9 
1 13 F 0 0 11 
Control 10 F 0 0 0.0 


logical effects which are described in the literature. 
All animals remained under observation until their 
death. This latter procedure has not been followed 
in any previous inhalation experiment with radon, 
the animals invariably being disposed of after the 
initial experiment was concluded, as is the case for 
many other acute toxicity tests. 


RESULTS 


Table 1 displays the pertinent data, with 
the experiments listed in order of decreasing 
dosage. Not shown in this table are the ages 
of the mice at exposure, which varied from 
about 20 weeks to as much as 74 weeks. 
The entire series of exposures occurred over 
a period of about five months, since in these 
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initial tests it was desirable to determine the 
effect of one dose before starting the next 
exposure. The spread in dosages from 5.7 
to 88 me-hr. per liter accounted for all 
deaths which occurred in 30 days. Experi- 
ment 9 is the only one which does not fall 
into its proper place. In view of the narrow- 
ness of the acute lethal dose range and the 
results of Experiment 9, a probit-mortality 
analysis is probably not justified. The data 
are sufficient to permit the 30-day L.D.50 
to be defined as lying between the limits of 
5.7 and 8&8 me-hr. per liter. Comparable 
values found in the literature range from 
20 to 400 me-hr. per liter for exposures 
which were continued past the death of the 
first animal. 

The radon atmosphere used in these ex- 
periments was essentially free of the decay 
products of radon insofar as the activity of 
the decay products could be measured. This 
conclusion results from analysis of the gamma 
activity initially present in air samples in 
the manner described below. 

The build-up of gamma activity in air 
samples can be predicted for a given set of 
initial conditions. Experimental build-up data 
can then be compared with the predicted 
figures to indicate the extent of decay-product 
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Fig. 1—Gamma activity in air samples of the radon atmosphere. In graph (A) are shown 
theoretical curves for given initial fractions of equilibrium of decay products with radon. The 
solid curves are for equal initial activities of RaA, RaB, RaC, and RaC’, with the fraction of 
equilibrium equal to the intercept on the ordinate axis. The dashed curve is for 100% equilibrium 
of RaA with radon, with other decay products absent. 


In graph (B) are shown three experimental curves. Curve (c) was obtained from a 10 ml. 
sample and Curves (b) and (a) from 5 ml. samples. Curve (a) attained a maximum value of 
130,000 c. p. m., and its experimental points have been placed on graph (A). 
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activity in the atmosphere. The theoretical 
equations used in the prediction with given 
initial conditions can also be used in a mathe- 
matical treatment of the experimental data 
by means of a set of simultaneous equations. 
This latter method is not accurate for the 
quantities involved, however, since it involves 
the subtraction of nearly identical numbers 
and, in general, the time spent in such an 
analysis is not justified by the results. 

Figure 1 shows two graphs, one of pre- 
dicted build-up of gamma activity and one of 
experimental gamma activity. The experi- 
mental points of Curve (a) have been super- 
imposed on the theoretical graph,t and these 
points lie on a curve for which the initial 
decay-product activity is zero. From a con- 
sideration of these curves, it would appear 
that the gamma emitters from radon, RaB 
and RaC, are present to an extent no greater 
than 2%. RaC’, the alpha emitter which 
arises from RaC with a half-life of 10—* sec- 
onds, is then present to a value not greater 
than that of RaC. RaA, with a half-life of 
3 minutes, precedes RaB. The curve for 
which no decay products are initially present 
and the curve for which 100% of RaA is 
present are sufficiently separated to indicate 
that the concentration of RaA in the air of 
the chamber is also very low. Slight amounts 
of RaA are undoubtedly present, since the 
average time a unit volume of air remains 
in the chamber after filtration is nearly the 
same as the half-life of RaA, 3 minutes. 

All the gross toxic effects of radon previ- 
ously reported have been observed in these 
mice. Emaciation, reddening of the ears, and 
dullness of the eyes were the first signs of 
tissue damage in mice which received acute 
lethal doses. Mice which died within a few 
days of exposure exhibited the pseudoparal- 
ysis which has been reported.*° The fur gen- 
erally became bristly, even after low doses, 
and the mice did not keep themselves clean. 
Deaths which fell within the 30-day period 
occurred in the first two weeks. No deaths 
occurred after this period until after 60 days. 


= Maximum counting rate is available for Sample 
(a) only. Curves (b) and (c) would appear to fit 
equally well. 


Only limited pathology information is 
available from these experiments, since only 
three mice were autopsied for histological 
sections. However, the changes appear to be 
similar to those following whole-body ex- 
posure to ionizing radiation. More complete 
information will be obtained from a serial 
killing pathology study, the exposures and 
killings for which have been completed. 

The changes in circulating blood cells were 
not as great as with an equivalent exposure 
to 250 kv. x-rays. Figure 2 show this com- 
parison for the 30-day L.D.59 dosages of 
radon and x-rays. The radon curve is an 
average curve from all the acute lethal radon 


experiments. A definite, but not pro- 
RADON L0-50 
z X-RAY LD-50 
z \ 400 
< \ 
< \ 
° 10 20 30 


DAYS AFTER TREATMENT 


Fig. 2—Mean red cell count following radon and 
x-ray exposures to mice. The doses were approxi- 
mately equivalent in lethality (approximately the 
30-day L. D.so). 


nounced, anemia is evident, following the 
radon exposure. Much more profound effects 
appear after exposure to x-rays. No experi- 
mental attempt has been made to differen- 
tiate the effects of radon from x-rays which 
could account for the considerable difference 
in the blood picture. Two possible causes are 
that (a) the concentration of radon in the 
bone is not uniform, allowing areas of little 
damage, and (>) soft secondary x-rays from 
the bone calcium may intensify the effect of 
the primary x-rays in the bone marrow. 
Although this experiment was performed 
principally to determine the acute toxicity of 
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radon, all mice are being observed until their 
death. In Table 2 are tabulated the dosages 
and the postexposure median life span of 
these mice. Except for two cases, the data 
fall into proper positions in the Table. These 
data are only preliminary but are useful to 
point out an over-all shortening of life span. 
They have been useful in planning a life- 
span-shortening experiment with radon free 
of decay products, the exposures for which 
have been completed. 

It is apparent from Table 2 that, although 
the L.D.59 has been determined for a 30-day 
period as a range of values, the choice of a 


TABLE 2.—Median Life Span of Mice Exposed 


to Radon 
Post- 
exposure 
Experi- Median Terminal 
ment, Dosage, Life Span,* Life Span,t 
No. Me-Hr/L. Days Days 
a 0.0 > 300 (2 remain at 
582 days)t 
Rikawsvbasweed 11 > 427 (4 remain at 
643 days) 
2.9 130 447 
3.3 102 119 
44 259 350 
5.7 8 170 
6.6 79 100 
wanes 7.5 120 150 
8.1 12 93 
8.8 9 15 


* Number of days after exposure at which 50% of the 
animals were still alive. 

+ Last death, days after exposure. 

t As of Nov. 18, 1954. 


30-day period was quite arbitrary, and much 
valuable information would have been missed 
if the experiment had actually been termi- 
nated at that time. 


SUMMARY 


Mice exposed to radon free of decay prod- 
ucts exhibit all the gross toxic symptoms re- 
ported in the literature from experiments in 
which decay products were present. The 
30-day L.D.59 of CAF; mice exposed to pure 
radon has been found to be lower than any 
value reported previously (this difference is 
probably attributable to the technique em- 
ployed in older experiments) and lies be- 
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tween 5.7 and 8.8 me-hr. per liter. Anemia 
was less marked than after an x-ray exposure 


of comparable lethality. 


Measurements of air activity indicate that 
atmospheres of radon essentially free of the 
decay products of radon may be produced. 


Preliminary data are included on the short- 
ening of life span produced by exposure to 
radon in the range of 1.1 to 8.8 mc-hr. per 
liter. 
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Special Reports 


ESTIMATION OF LOSS OF VISUAL EFFICIENCY 


The Committee appointed by the Council on Industrial Health, American Medical Associa- 
tion, herewith submits a revision of the “Appraisal of Loss of Visual Efficiency,’ adopted 
June 13, 1940, by the House of Delegates of the American Medical Association on recommenda- 
tion of the Section on Ophthalmology. The aim of this report is to revise the methods of deter- 
mining the loss of visual efficiency of a person who has suffered visual impairment as a result 
of disease or injury. 

Respectfully submitted, 
Epmunp B. Chairman 
F. Bruce 
WiuiaM F. Hucues, Jr. 


Approved and accepted by the Executive Committee of the Section on Ophthalmology, 
American Medical Association, Atlantic City, N. J., June, 1955. 


Harotp G. Scuete, M.D., Secretary 
SECTION I: ESSENTIAL FACTORS IN DETERMINATION OF VISUAL EFFICIENCY 


b * ie-cngpiee efficiency is defined as that degree or percentage of the competence of 

the eyes to accomplish their physiologic functions, including (1) corrected 
visual acuity, for distance and near, (2) visual fields, (3) ocular motility with 
absence of diplopia, and (4) binocular vision. Although these factors do not possess 
an equal degree of importance, vision is imperfect without the coordinated action 
of all. Other functions, although secondary and dependent, are recognized as impor- 
tant, such as color perception, adaptation to light or dark, and accommodation. 
Because these functions are inherently dependent on the status of the previously 
mentioned four coordinating functions of vision, they are not included in the basic 
method of calculation of the percentage of loss of visual efficiency. 


SECTION II: CENTRAL VISUAL ACUITY 


For purposes of standardization, the Snellen test chart utilizing block letters or 
numbers without serifs, the illiterate E chart, or Landolt’s broken-ring chart is 
desirable. Illumination of the test chart should be at least 5 foot-candles (f-c.), and 
the chart or reflecting surface should not be dirty or discolored from age. The test 
distances should be at 20 ft. (6 meters) and at 14 in. (36 cm.). In line with the 
recommendations of the American Committee on Optics and Visual Physiology, 
Subcommittee on the Problem of an International Nomenclature for Designating 
Visual Acuity,’ the sizes of letters in the test lines form a geometric progression, as 
proposed by Green in 1867. With this scale, the size of letters of each successive line 
is 26% larger than that of the following line, or 20% smaller than that of the pre- 
ceding line. Visual acuity is most commonly recorded in the form of a fraction in 
which the test distance, in feet or meters, is expressed as the numerator. The 
denominator represents the distance at which the smallest letters discriminated by 
the patient would subtend 5 minutes of arc (Table 1). Although this method of 
designation appears to be a mathematical fraction, it is purely a convenient form of 
notation by ophthalmologists and does not represent a true percentage of normal 
visual acuity. For designation of visual acuity for near, a similar Snellen ratio can 
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be utilized using inches, or a comparable Jaeger or a point type system may be used, 
according to Table 2. The visual acuity may also be designated as visual angle, in 
accordance with the recommendation of the previously mentioned Subcommittee on 
Nomenclature. A visual angle of 1.0 minute of are of each constituent part of the 


test character (or 5 minutes for the entire character) can be discriminated by a 
“normal” subject. 


The best vision obtainable with ophthalmic lenses should be used in determining 
the degree of central visual acuity. It is realized that the use of contact lenses might 
further improve vision reduced by irregular astigmatism from corneal disease or 
injury. However, the practical difficulties of fitting, expense, and tolerance of 
contact lenses are sufficiently important at the present time to favor recommenda- 
tion that only regular ophthalmic lenses be used to determine the best corrected 
vision. 

The visual disability due to monocular aphakia (with normal corrected vision in 
the other eye) varies considerably among different persons because of several factors, 


TaBL_e 1.—Percentage of Central Visual Efficiency Corresponding to Central Visual Acuity 
Notations for Distance 


Snellen Per Cent Per Cent Loss 
A Visual Angle, Central Visual of Central 
English Metric in Minutes * Efficiency Vision 

20/16 6/ 5 0.80 100 0 
20/20 6/ 6 1.00 100— ¢ 0 
20/25 6/ 7.5 1.25 95 5 
20/32 6/10 1.6 90 10 
20/40 6/12 2.0 85 15 
20/50 6/15 2.5 75 25 
20/64 6/20 3.2 65 35 
20/80 6/24 4.0 60 40 
20/100 6/30 5.0 50 50 
20/125 6/38 6.3 40 60 
20/160 6/48 8.0 30 70 
20/200 6/60 10.0 20 

20/300 6/90 15.0 15 85 
20/400 6/120 20.0 10 90 
20/800 6/240 40.0 5 95 


* Denoting each constituent part of test character. When the visual angle of each constituent part is 
multiplied by 4, the product is the visual angle of entire test character. 


+ For purposes of calculation of the per cent of central visual efficiency, 100% is used. This does not 


— the fact that the average normal person usually has a visual acuity of 20/16 corrected by ophthalmic 
lenses. 


including age and accommodative power, ability to tolerate a contact lens for ade- 
quate periods of time, ability to obtain single binocular vision comfortably when 
wearing a contact lens, and the importance of binocular vision in the patient’s work. 
If the vision in the aphakic eye can be corrected to 20/20, the disability may be slight 
in a presbyopic patient who can wear a contact lens comfortably for periods of eight 
hours or more. However, a young person doing close precision work may be in- 
capacitated for this task even when wearing a contact lens. Other persons may not 
be able to obtain and wear a contact lens comfortably for long periods of time, for 
one reason or another. However, even an uncorrected aphakia is not equivalent to a 
blind eye because of the usefulness of side vision, and the possibility of correction 
if the normal eye should be injured subsequently. The practice of considering monoc- 
ular aphakia as the full loss of visual efficiency in one eye does not recognize the 
value of an eye with no abnormality except the loss of the lens. With these considera- 
tions in mind, it is recommended that monocular aphakia be considered as a partial 
visual disability, viz., 50% of the central visual efficiency of that eye when corrected 
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by lenses (Table 1). For example, if corrected vision in the aphakic eye is 20/40, 
the allowable central visual efficiency of that eye would be 0.50X0.85=43%, or 
a loss of central vision of 57%. 


The visual handicap resulting from aphakia corrected by regular ophthalmic 
lenses can only be estimated. This factor would be of importance in cases of binocular 
aphakia, or in monocular aphakia where the corrected vision in the aphakic eye is 
greatly superior (perhaps 50%) to that of the opposite eye. In such cases where 
the corrected aphakic vision is used for the patient’s activties, it is recommended 
that this per se be considered an additional partial visual handicap of 25% of the best 
corrected binocular visual efficiency, as calculated under Section VI. For example, 
if the binocular visual efficiency of the corrected aphakic patient is 75%, the final 
estimation of the visual efficiency of that patient would be 0.75 < 0.75 = 56%. 

A visual acuity of 20/20 or better (6/6 or better, or visual angle of 0.1 minute 
or less) is considered 100% acuity for distance vision, and Snellen 14/14, Jaeger 1, 
or 3-point type (with presbyopic correction if necessary) is considered 100% acuity 
for near vision (14 in., or 36 cm.). A revision of the estimations of percentage loss 


TABLE 2.—Percentage of Central Visual Efficiency Corresponding to Central Visual Acuity 
Notations for Near 


Per Cent 

Loss of 

Visual Angle Visual Central 

Snellen Jaeger Point in Minutes * Efficiency Vision 
14/14 1— 3 1.0 100 0 
14/18 2— 4 1.25 100 0 
14/22 oe 5 1.6 95 5 
14/28 3 6 2.0 90 10 
14/35 6 8 2.5 50 50 
14/45 7— 9+ 3.2 40 60 
14/56 8 12 4.0 20 80 
14/70 11 14 ».0 15 85 
14/87 cos wa 6.3 10 90 
14/112 14— 22 8.0 5 95 
14/140 mee a 10.0 2 98 


* Denoting each constituent part of test character. When the visual angle of each constituent part is 
multiplied by 5, the product is the visual angle of the entire test character. 


of visual acuity corresponding to the Snellen and visual-angle notations for distance 
and near is given in Tables 1 and 2. This has been done in the light of statistical 
reports of average “normal’’ vision, and experience in the disabilities caused by 
reduced visual acuity. It should be remarked that no scientific studies are available 
relating central visual acuity, visual field, and motility deficiencies to the actual per- 
iormance of various duties. This Committee feels that the table set up by the 1925 
and 1940 American Medical Association Committees overestimates the loss of visual 
efficiency for distance acuities poorer than 20/200 and underestimates the loss for 
near acuities poorer than 14/28, Jaeger 3, or 6-point type. Although the visual 
angles may be the same, it should not be concluded that the Snellen notation for 
distance is the exact equivalent of the Snellen notation for near in respect to visual 
efficiency because of other influences, such as accommodation, size of retinal image, 
etc. Also, the visual disability in reading with acuity for near of 14/35 (Jaeger 
6 or 8-point type) is far greater than the visual disability for distance with 20/50 
vision, which has the same visual angle. The revised Tables 1 and 2 represent an 
effort to relate more closely visual acuity and visual disability in the light of 
experience. Because of the importance of good near vision in the performance of 
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work, the revised Table 2 weights this disability more heavily than the 1940 Ameri- 
can Medical Association table. Calculation of the percentage of central visual 


efficiency for both distance and near vision would therefore be the average of the 
two percentages. 


SECTION III: VISUAL FIELD 


The extent of the visual field is determined by the use of the usual perimetric 
methods, utilizing a white target which subtends a 0.5-degree angle (that is, a 3 mm. 
white disc at a distance of 330 mm.) under illumination of not less than 7 f-c. A 
6 mm. white disc is recommended for uncorrected aphakia. The test object is 
brought from the peripheral to the seeing area. At least two peripheral visual fields 
should be obtained which agree within 15 degrees in each meridian. The reliability 
of the patient’s responses should be noted. The result is plotted on an ordinary 
visual field chart on each of the eight 45-degree principal meridians. 


The minimum normal extent of the visual field from the point of fixation can be 
defined as follows: temporally, 85 degrees ; down and temporally, 85 degrees ; down, 


Pee: 0 


Figure 1 


65 degrees; down and nasally, 50 degrees; nasally, 60 degrees; up and nasally, 55 
degrees ; up, 45 degrees, and up and temporally, 55 degrees (Fig. 1). These figures 
are about 10 to 15 degrees less than the average normal, thus allowing for poor or 
delayed subjective responses or undue prominence of the brow or nose. 

The visual field efficiency of one eye in percentage is obtained by adding the 
number of degrees of the eight principal radii given above for the 3/330 white 
isopter, which normally is 500 degrees, and dividing by 5. For example, if the field 
is contracted down to 25 degrees in all eight meridians, there would be a remaining 
visual field efficiency of 25X8~+5—40%, or less of 60%. lf the field is con- 
tracted down to 5 degrees in every meridian, the remaining efficiency would be 
5X8+-5=8%, or less of 92%. 


If the entire temporal field is lost, the loss 
would amount to 
Up and temporally 


AS 90 ts 
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or a remaining efficiency of 44%. If the upper nasal quadrant is lost, the loss of 
field efficiency would amount to 55+-52 (average of up and nasal meridians=45-+- 
60+2)+5=21%, or a remaining efficiency of 79%. Loss of visual field efficiency 
can be calculated for other field defects in a similar manner. Although the extent of 
loss of visual field efficiency cannot be determined accurately for a ring scotoma, an 
approximation can be obtained by considering the width of the ring scotoma to be 
equivalent to loss of peripheral visual field. A similar estimation of visual field loss 
can be applied to enlargement of the blind spot using a 2 mm. white test object at a 
distance of 1 meter from a tangent screen with the subject wearing his corrective 
lenses; for example, a general enlargement of the blind spot of 5 degrees would 
result in a visual field loss of 8X5+5=8% loss, or 92% visual field efficiency. 
Because a central scotoma directly affects the central visual acuity, such loss of 
visual field is not used in the final calculation of the visual efficiency. 


= 100* Loss 


Fig. 2.—Percentage loss of ocular motility of one eye in diplopia fields. 


SECTION IV: OCULAR MOTILITY 


Visual efficiency is related to the function of extraocular muscles in two major 
ways: (1) the absence of diplopia, and (2) binocular vision. Except on looking 
downward, it is doubtful whether diplopia causes significant visual disability unless 
it is present within 30 degrees of the center of fixation. The extent of the diplopia 
in the various directions of gaze is determined on the perimeter at 33 cm., or on the 
ordinary tangent screen at 1 or 2 meters’ distance from the patient in each of the 
45-degree meridians, utilizing a small test light and without the addition of colored 
lenses or correcting prisms. The degree of separation of the two lights is plotted 
along each of the three meridians above for 10, 20, and 30 degrees away from the 
straight-ahead position and for 10, 20, 30, and 40 degrees away from the straight- 
ahead position horizontally and below (down and right, down, and down and left) 
(Fig. 2). The results of the separation of the two images are plotted on a visual 
field chart. 

The percentage loss of ocular motility efficiency of one eye caused by diplopia in 
various positions of gaze is given in Figure 2. Diplopia within the central 20 degrees 
represents a 100% loss of motility efficiency in one eye. Hf diplopia is not present in 
the central 20 degrees of ocular rotation from the straight-ahead position, diplopia 
present on more peripheral gaze should be considered as a loss in motility efficiency 
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of one eye, according to Figure 2. For example, if there is diplopia only on looking 
straight down between 20 and 40 degrees, the loss of ocular motility efficiency of one 
eye is 50+-36=80%. Again, if diplopia is present only on looking between 20 and 
40 degrees to the right, due to a residual paresis of the right lateral rectus muscle, 
the loss of ocular motility efficiency of one eye is 20+10=30%. 


If the patient has lost binocular vision as a result of disease or injury and, 
because of suppression, diplopia is not present, the degree of visual disability will 
depend on how important good depth perception would be for the performance of 
the patient’s work. However, loss of binocular vision without other ocular abnor- 
malities probably does not represent more than a 50% loss of ocular motility 
efficiency of one eye in the average case. Tests for binocular vision can be made 
with any of the well-recognized instruments, such as the major amblyoscope and 
various forms of stereoscopes. 

Strabismus following disease or injury as discussed here is considered only on 
the basis of the loss of motility efficiency. The cosmetic defect of a strabismus is 
considered to be a separate factor (see Section VII). 


SECTION V: CALCULATION OF VISUAL EFFICIENCY OF ONE EYE 


Determination of the visual efficiency of one eye considers the average percentage 
of central visual efficiency for distance and near, percentage of visual field efficiency, 
and percentage of ocular motility efficiency, including absence of diplopia and binoc- 
ular vision. For example, with average central visual efficiency for distance and near 
of 30%, visual field efficiency of 40%, and motor field efficiency of 70%, the total 
visual efficiency of this eye would be 0.300.400.70—0.84, or 8.4% of total visual 
efficiency of this eye. Should the visual efficiency of one eye be reduced to less than 
10%, the visual loss is considered to be total from a practical standpoint. 


SECTION VI: CALCULATION OF BINOCULAR VISUAL EFFICIENCY 

If the vision in one eye is completely lost and the fellow eye is normal, it has been 
found by common experience that the total visual efficiency of such a person is 
actually more than 50%. In agreement with the opinion of the previous committee 
of the American Medical Association in 1940, a more nearly correct estimation of 
visual efficiency can be obtained by weighting the visual efficiency of the better eye 
three times according to the following method: 


(% efficiency better eye X3) + (% efficiency worst eye) __ binocular visual efficiency. 


For example, the binncilee. vind efficiency of a patient with one blind and one 
normal eye would be 1°°% a %% ==75%, or binocular visual loss of 25%. 

When disease or injury has involved both eyes, a loss of efficiency in ocular 
motility is used only in computing the efficiency of the less efficient of the two eyes. 
The estimation of the visual efficiency of the better eye is therefore based only on 
the central visual acuity and the visual field of this eye. 

Should the total binocular visual efficiency of the patient be less than 10%, for 
all practical purposes the patient can be considered blind. 


SECTION VII: TYPES OF OCULAR ABNORMALITIES NOT INCLUDED IN 
THE VISUAL EFFICIENCY FACTORS 
Certain types of ocular disturbance are not included in the previously mentioned 
computations, and these may result in disabilities, the value of which cannot be 
calculated by any scale as yet scientifically determined. Such are disturbances of 
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accommodation, color vision, light and dark adaptation, metamorphopsia, entropion, 
ectropion, lagophthalmos, epiphora, strabismus, deformities of the orbit, and cosmetic 
defects. 
SECTION VIII: SOME CONSIDERATIONS IN THE FINAL 
ESTIMATION OF LOSS OF VISUAL EFFICIENCY 


It is recommended that final estimation of visual efficiency be deferred following 
certain conditions, for example, at least 3 months after all visible evidences of 
inflammation have disappeared, at least 6 months following surgery, and at least 12, 
and preferably not more than 16, months in cases of disturbance of the extraocular 
muscles, sympathetic ophthalmia, traumatic cataract, or optic nerve atrophy. 


REFERENCE 
1. Ogle, K. N.: Am. J. Ophth. 36:909, 1953. 


VISUAL FIELD DETERMINATION 


PERCENTAGE OF VISUAL FIELD EFFICIENCY: RIGHT 
DISTANCE OF EYE FROM PERIMETER.......... SIZE OF TARGET. ILLUMINATION.......... 


To Determine Percentage of Visual Field Efficiency 


The extent of the visual field is determined by the use of the usual perimetric methods, utiliz- 
ing a white target which subtends a 0.5° angle (that is, a 3 mm. white object at a distance of 
330 mm.) under illumination of not less than 7 foot-candles. A 6 mm. white object is recom- 
mended for uncorrected aphakia. The test object is brought from the peripheral to the seeing 
area. At least two peripheral visual fields should be obtained which agree within 15 degrees in 
each meridian. The reliability of the subject's responses should be noted. The result is plotted 
on the visual field charts below on each of the 45° principal meridians. The minimum normal 
extent of the visual field from the point of fixation can be defined as follows: temporally, 85°; 
down and temporally, 85°; down, 65°; down and nasally, 50°; nasally, 60°; up and nasally, 
55°; up, 45°; up and temporally, 55°. 

The visual field efficiency of one eye in per cent is obtained by adding the number of degrees 
of the eight principal radii given above for the 3/330 white isopter, which normally is 500°, 
and dividing by 5. For example, if the field is contracted down to 25° in all eight meridians, 
there would be a remaining visual field efficiency of 25x8~—5—40%, or loss of 60%. If the entire 
temporal field is lost, the loss would amount to 


or a remaining visual efficiency of 44%. li the upper nasal quadrant is lost, the loss of field 
efficiency would amount to 55+52 (average of up and nasal meridians=45+60+2)-5—21%, 
or a remaining efficiency of 79%. Loss of visual field efficiency can be calculated for other field 
defects in a similar manner. 


GLOSSARY 


Accommodation Contraction of the ciliary muscle, which increases the convexity of the lens 
of the eye, thereby bringing divergent light rays into focus on the retina. 

Adaptation Ability of the eye to adjust itself to variations in the intensity of light. 

Amblyopia Poor vision, usually without any observable organic lesion of the eye. 

Amblyoscope A binocular instrument used in diagnosis and treatment of abnormalities in 
binocular and stereoscopic vision (e. g., poor depth perception). 

Aphakia Absence of the lens of the eye. 
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RAYS FROM NEAR 
POINT DIVERGE 


/ 

POINT 


RAYS FROM 10 FEET 
OR MORE ARE PARALLEL 


LENS ACCOMMODATING FOR NEAR 
IS ROUNDER, MORE CONVEX 


LENS AT REST FOR DISTANCE 


The emmetropic eye. At rest and in accommodation. 


Reproduced by permission of Bridges, Clark D.: Job Placement of the Physically Handi- 
capped, published by McGraw-Hill Book Company, Inc., New York, 1946. 


Astigmatism Abnormal or nonspherical curvature of the cornea or lens, resulting in a 
focus of light as a diffuse area on the retina rather than as a point. This 
causes a blurring of the image, usually in one meridian. 

Atrophy 


Wasting away or !oss of substance, usually irreversible. 


Binocular Vision Proper fusion of the images from each eye, producing a single stereoscopic 


image in the brain. Also called binocular single vision. 


Binocular single vision. Proper fusion of the images from each eye, producing a aingle 
stereoscopic image in the brain. 


Reproduced by permission of Bridges, Clark D.: Job Placement of the Physically Handi- 
capped, published by McGraw-Hill Book Company, Inc., New York, 1946. 
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Diplopia-double vision. Reproduced by permission of Bridges, Clark D.: Job Placement of 
the Physically Handicapped, published by McGraw-Hill Book Company, Inc., New York, 1946. 


Color Perception Ability to distinguish primary colors (red, green, or blue) or shades or hues 
I 
of colors. 


Cornea The clear, transparent front portion, or “window,” of the eyeball; normally 
a perfect segment of a sphere. 

Diplopia Double image of a single object. Usually results from deviation of the 
visual axis of one eye away from point of fixation (“strabismus”). 


Emmetropic Normal with respect to accommodation and refraction. 

Entropion Introversion of the edge of an eyelid. 

Epiphora An abnormal overflow of tears. 

Extraocular Outside the eyeball. 

f-c. Abbreviation of foot-candle. 

Foot-candle A unit of measurement of illumination. 

Isopter Peripheral boundary of the visual field. 

Jaeger Pronounced “Yayger.” One kind of standard test types for near vision. 


Visual angle formed by letters of different size and distance. 


Reproduced by permission of Hughes, William F., Jr.: Office Management of Ocular Dis- 
eases, published by Year Book Publishers, Inc., Chicago, 1953. 
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Lagophthalmos A condition in which the eyelids cannot be completely closed. 
Lens Also called crystalline lens. Normally transparent, elastic, and biconvex, 


thus ( ). Its convexity is altered by the ciliary muscles in an attempt to 
bring light rays into proper focus on the retina. 


Mm. Abbreviation of millimeter—one-thousandth part of a meter. 


Meridian Arcs of curvature made through the anterior-posterior poles of the eye; 
e. g., 90° is vertical and 180° is horizontal. In visual field charts the lines 
radiating from the point of fixation represent meridians. 


Metamorphopsia_ A state of the eye in which the objects being looked at seem to be distorted. 


Monocular Pertaining to or having but one eye. 
Ocular Motility Extraocular movements (often called E. O. M.) of the eyes within the b« ny ° 
orbits. 


Ophthalmic Lens The glass lens used in spectacles or eyeglasses to improve visual acuity. 


This definition excludes contact lenses. 


Orbit 


The bony socket which contains the eye. 

Paresis Slight or incomplete paralysis. 

Perimeter An ophthalmic instrument with standard distance and illumination for testing 
the extent of peripheral vision, or side-vision (i. e., visual field). 


Peripheral Vision See visual field. 


/MNER COAT ANTERIOR 


CHAMBER 


Right eye—Horizontal section. 


Reproduced by permission of Bridges, Clark D.: Job Placement of the Physically Handi- “ 
capped, published by McGraw-Hill Book Company, Inc., New York, 1946. 


Presbyopia Impairment of near-point acuity, due to loss of accommodation, resulting 


from the aging process. Usually occurs near age 45. 


Quadrant One-quarter of the visual field. 


Ring Scotoma A scotomatous zone which surrounds the center of the visual field. 


Scotoma A blind area in the visual field. “Relative scotoma” is a partially blind area 


in the visual field. 
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Scotomata 
Snellen 


Stereoscope 


Strabismus 


Sympathetic 
Ophthalmia 


Suppression 
Visual Acuity 


Visual Angle 


Visual Field 
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Plural of scotoma. 
One kind of standard type for testing visual acuity. 


An optical instrument which produces a blended single image, having the 
appearance of solidity and reliei, from two pictures of the same object at 
slightly different angles. 

Deviation of the visual axis of either eye from the object of fixation. 
“Squint’’; cross-eye; wall eye. 

A chronic inflammatory lesion of the inner coats of both eyes, i. e., the 
uveal tissue (iris, ciliary body, and choroid). Usually follows 10 days to 


6 months following a perforating injury to one eye. 


Constant or persistent double vision, due to failure of the two eyes to act 


in unison; causes the brain to suppress the image from the deviating eye. 


Acuteness of vision, or the ability to see clearly and distinctly. 
Angle formed at the optic center of the eye by the object viewed. 


The total area of visual perception when the eyes are directed straight ahead; 
peripheral vision, side-vision. 
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Abstracts from Current Literature 


Epitrep By Dr. CHRISTOPHER H. Woop 


Industrial Toxicology 


TOXICOLOGY OF PLasTICSs AND RUBBER: PLASTOMERS AND MONOMERS. REx H. WILSON 
and Witit1am E. McCormick, Indust. Med. 28:479-486 (Nov.) 1954. 


The rise in the use of plastics for the manufacture of articles of all kinds has created many 
problems for the industrial physician and the industrial hygienist, since many of the com- 
pounds used in the manufacture of resins are new and very little, if anything, is known about 
their toxicity. The authors discuss the toxicity of the common resins and related chemicals, 
such as plasticizers, solvents, and stabilizers. Resins they divide into a general classification and 
tabulate those resins suitable and unsuitable for use in food packaging ingredients. In further 
classifications, the toxicity and toxicity testing of such resin types as the vinyls and acrylo- 
nitriles and of miscellaneous types, such as the silicones, polyethylene glycols (Carbowax com- 
pounds), and polytetrafluoroethylene (Teflon), and discussed. There are tabulated also 14 
commercial-type resins, with a summary of their uses and properties. The great need for 
toxicity data on resins and plastics is made clear, and the responsibility for the gathering of such 
information is placed upon the industries which develop and manufacture those materials. 


H. Dona.tpson, Boston. 


INDUSTRIAL ANTIMONY PorsoninG. H. Brrecer, C. W. Semiscu, J. STASNEY, and D. A. 
PraTtNEK, Indust. Med. 23:521 (Dec.) 1954. 


A study in industrial antimony poisoning was run in a plant where antimony trisulfide had 
been substituted for lead in the manufacture of resinoid-type grinding wheels. Of 125 men 
exposed to this environment from eight months to two years, 8 died (two of chronic heart 
disease). During the preceding 16 years, only one death (coronary thrombosis) had occurred 
in this department. Four of the deceased were under 45 years of age, and heart disease was 
suspected in all but one case. Antimony trisulfide in the air was found to be from 0.58 to 5.5 
mg. per cubic meter (M.A. C., 0.5 mg/cu.m.), with most findings over 3.0 mg. per cubic meter. 
In a special study, 24 out of 113 employees showed abnormalities in blood pressure, and 37 out 
of 75 showed changes in electrocardiograms, mostly of the T wave. Ulcers were four times as 
frequent as for the total plant population. With the abandonment of the use of antimony trisulfide, 
no further deaths from heart disease or abnormal cardiovascular disorders have been observed 
for several years in this department. Animals exposed to antimony trisulfide showed the develop- 
ment of constant functional disorders of the heart and parenchymatous degeneration of the myo- 
cardium. Since the use of antimony is expected to increase especially in the manufacture of 
fireproof materials, hazards from its use may also increase, and injury to the heart may remain 
undetected for long periods unless periodic electrocardiographic examinations are added to the 
routine examination method wherever exposure to appreciable concentrations of antimony in 


air takes place. H. Dona.pson, Boston. 


CarBON DISULPHIDE POISONING IN ViscosE Rayon Factories. Enrico C. VIGLIANI, 
Brit. J. Indust. Med. 11:235-244 (Oct.) 1954. 


During the period 1940-1941 the author observed 100 cases of CS2 poisoning among viscose 
rayon workers in Italy. Contributing factors in the causation of these cases were lengthening 
of the working day, diminished ventilation in working areas, and improper methods of material 
handling. The CS. concentration in air to which these workers were exposed ranged from 0.2 
to 1.5 mg. per liter. Polyneuritis was the commonest symptom (88%), followed by gastric 
disturbances (28%), headaches (18%), and vertigo (18%). During the decade following 1943, 
cases with classical symptomatology noted above have diminished greatly, but 43 cases of chronic 
vascular encephalopathy among workers exposed to CSse for 10 to 30 years have been noted. The 
symptoms of these patients were those of pseudobulbar paralysis, with mental deterioration, 
extrapyramidal involvement, and focal signs of cerebral thrombosis. Hypertension was found in 
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16 of these patients, and 5 had kidney insufficiency and albuminuria. Autopsies were performed 
on three cases, and the outstanding findings were a diffuse vascular sclerosis, marked cerebral 
atherosclerosis, with hyaline fibrosis of the media and thickening of the intima. Areas of softening 
were found in the brain and medulla, which were attributed to the vascular lesions. 

Experimental exposure of rats and guinea pigs to CS» produced similar lesions in several 
months. 


The author concludes that prolonged exposure to CS: can lead to conditions favorable for the 


roduction h | is. , 
P tion of atherosclerosis SHERMAN S. Pinto, Denver. 


INJURY TO THE ResprratorY Tract By IsocyANATES Usep IN MakinG Lacguers. AKE 
Swensson, Cart-Eric Hotmguist, and Kart-Davip LuNDGREN, Brit. J. Indust. Med. 
12:50 (Jan.) 1955. 


The chemical composition of lacquers prepared from mixtures of Desmophen and Desmodur 
is discussed. The physiologically active compounds of concern are considered to be metato- 
lylene and paratolylene diisocyanates or similar isocyanates in Desmodur. Published data on 
animal and human exposures to Desmodur T reveal a capacity to irritate mucous membranes of 
the eye, nose, and throat. Progressive bronchial irritation and asthmatic attacks may also occur. 

Fifteen cases of occupational illness resulting from work with polyisocyanate lacquers 
were observed. An asthmatic reaction was co.nmon to all cases, and there appeared to be 
increased sensitivity to Desmodur compounds following the inital attack. Symptoms of illness 
disappear rapidly on cessation of exposure, and usually no treatment is required. Three typical 
case histories are presented. 

In view of the irritant and sensitizing properties of isocyanate lacquers, more than ordinary 
protective measures should be used to reduce exposures during spray-painting. Even for indoor 
brush work, respiratory protection is desirable. K. W. Netson, Salt Lake City. 


VANADIUM PoISONING FROM GAs TuRBINES. R. C. Browne, Brit. J. Indust. Med. 12:57 
(Jan.) 1955. 


Residual field oils contain vanadium which is converted to the pentoxide on combustion and 
deposited in gas turbine heat exchangers. Twelve men were affected by exposure to dust while 
working inside such an exchanger. The dust probably contained 11% to 20% vanadium. 

Symptoms were noticed after 1 to 14 days’ exposure. Nose bleeding, respiratory difficulties, 
blackened tongue or teeth, and an odd taste were the commonest effects. All symptoms disap- 
peared within two weeks after exposure ceased. 

The wearing of waterproof clothing, rubber boots, and supplied-air masks proved to be 
effective preventive measures. It is suggested that exhaust gases from gas turbines and 
Diesel engines using vanadium-bearing fuel oils may in time provide a public-health problem. 


K. W. Netson, Salt Lake City. 


Toxicity oF OZONE IN THE PRESENCE OF OxIpDEs OF NITROGEN. W. M. Diacte and J. C. 
GacE, Brit. J. Indust. Med. 12:60 (Jan.) 1955. 


Single four-hour exposures of rats and mice to pure ozone concentrations ranging from 3.4 
to 36 ppm gave a probable L. C.o of the order of 10 to 12 ppm. Deaths were caused by acute 
pulmonary edema. Rats exposed to 2.5 ppm of ozone for four hours a day for eight days showed 
no effects. 

Ozone and nitrogen dioxide in low concentrations can react partially to produce nitrogen 
pentoxide. The toxic effect of N2Os is similar to that of ozone, but the estimated L. C.so is 
3 to 4 ppm. 

In industrial situations where there is possible concomitant production of O; and NO:, as by 
spark discharge, assessing the safety of the atmosphere by ozone determination alone might be 
misleading. The presence of N2Os should be considered. K. W. Nutsox, Salt Lake City. 


Medicine and Surgery 


Misuse oF EDATHAMIL CALCIUM-DISODIUM FOR PROPHYLAXIS OF LEAD POISONING. ROBERT 
A. Kenog, J. A. M. A. 157:341-342 (Jan. 22) 1955. 


The enthusiastic reception of edathamil calcium-disodium (Calcium Disodium Versenate) 
for clinical trial in the therapy of lead poisoning focuses attention on the unduly high incidence 
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of this disease that persists and indicates the failure generally to utilize known techniques for 
eliminating hazardous exposures to lead. As was demonstrated in previous forms of therapy, 
premature overoptimism may discredit the value of a remedial agent before its potentialities are 
fully explored. More dangerous, however, is the fault that therapeutic agents may be depended 
upon in lieu of adequate environmental control. The physician’s responsibility is to know the 
extent of any exposure, to establish practical criteria for safe conditions, and to make these 


clearly understandable to management. It is the responsibility of management to maintain a safe 
industrial environment. 


The mechanism of edathamil calcium-disodium is to combine with lead in the soft tissues 
to form a stable, soluble, nonionized compound, rapidly excreted by the kidney principally, 
though it is not as effective as dimercaprol (BAL) in penetrating the erythrocytes. Under 
competent, rigorous control, its use offers good clinical prospects and eventually may prove to be 
beneficial. Evidence has shown that an almost continuous use of the agent would be required to 
produce a significant lead elimination, and the effects of this need further exploration. 

Exigencies of space did not permit the inclusion of bibliographic references, which do appear 


i thor’ ints. 
in the author's reprints MELVIN UDEL, Cincinnati. 


EFFECT OF THE INTRAVENOUS ADMINISTRATION OF SODIUM THIOSULPHATE ON BLoop LEAD 
CONTENT AND ON THE EXCRETION OF LEAD IN URINE AND FAECES IN CASES OF LEAD 
Potsoninc. D. O. Suiets, W. C. THomas, G. R. Patmer, P. Cornisn, and E. KEARxey, 
M. J. Australia 2:773-782 (Nov. 13) 1954. 


The observations here described at some length were made upon 14 persons with lead 
poisoning, all of whom were undergoing treatment with sodium thiosulfate, and a second group 
of 4 persons not being so treated. The concentrations of lead in the urine were determined by 
(a) a modified Taylor’s method and by (b) wet oxidation followed by dithizone mixed color 
determination. The dose of thiosulfate was 30 grains in a few cubic centimeters of water intra- 
venously every second day. The concentration of lead in the urine and the total amount excreted 
increased during 24 hours after injection, but the increase was not maintained, as is the case when 
sodium citrate is administered. Possibly the dose of thiosulfate was not sufficient; in equal doses 
the two drugs may be equally effective. The thiosulfate may act by supplying sulfur; a number 
of sulfur-containing substances are known to be successful for this purpose. There was also 
considerable evidence pointing to an increase in the lead excreted in the feces after an injection 
of thiosulfate. A considerable proportion of the lead in the body seemed to react readily with 
the thiosulfate, but more time was needed for the thiosulfate to react with the more firmly 
held lead. For some unexplained reason the lead values were much higher with the wet dithizone 
determinations. Probably there is a gradual storage of thiosulfate in the body which later comes 
into action. 


The various observations made are given in detail, with graphs exhibiting the rapidity of 
lead excretion under treatment. LL. Cour 


VALSALVA’S MANEUVER IN THE ROENTGENOLOGICAL StupDy oF EARLY PNEUMOCONIOSIS. 
P. OLtrno and M. Breusa, Rass. med. indust. 23:104-108 (March-April) 1954. 


Valsalva’s maneuver or experiment was devised for the inflation of the Eustachian tube by 
taking a deep inspiration, then closing the mouth and nose and exerting a forcible expiratory 
movement. The authors advise the use of this same method of Valsalva for the purpose of 
increasing the “transparency” of the lungs to x-rays, thus getting a clearer picture of the 
shadows which indicate the onset of pneumoconiosis changes. The distention of the closed lung 
system with air under some degree of pressure produces a depletion of the pulmonary venous 
system and removes some of the opacity which is due to the circulating blood. The authors 
illustrate their case by several pairs of x-ray photographs taken with Valsalva’s maneuver 
and also in the more ordinary way for comparison. J. Caucur [Butt. Hye]. 


ANEMIA IN LEAD POISONING AND VITAMIN By. H. KLEINSORGE, E. MorIGEROWSKI, and 
K. Rosner, Ztschr. ges. inn. Med. 9:903 (Sept. 15) 1954. 


Kleinsorge and associates studied the bone marrow and blood in rabbits, which had been 
rendered anemic by injection of an aqueous solution of lead acetate into the ear vein on three 
successive days. Since difficulties had been encountered in obtaining marrow specimens from 
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the vertebral bodies of rabbits, the authors tried a new method, in which they punctured the 
crest of the ilium. They explain that, if the rabbit is placed in a certain sitting posture, the 
crest of the ilium is readily accessible. 

They found that in animals which had been rendered anemic with the lead acetate method 
the administration of vitamin By, either simultaneously with or immediately after the lead 
dosage, resulted in a much more rapid recovery from the anemia. Stimulation of the regenerative 
power of the bone marrow was demonstrated to be the cause of this more rapid recovery. 
Vitamin Bi also prevented deterioration of the general condition of the rabbits with lead 
poisoning. Furthermore, when lead was given simultaneously with vitamin Bis, the development 
of basophilic stippling of the erythrocytes was prevented. The authors feel either that normal 
maturation is stimulated, so that supposedly immature erythrocytes with basophilic stippling are 
not flushed out, or that a pathologic process of ripening (perhaps resulting from the inhibition 
of the nucleic acid metabolism by lead [?]) is normalized, because vitamin B.2, an important 
factor in the nucleic acid metabolism, is present in large quantities. 


Environmental Conditions 


GROWTH OF PATHOGENIC BACTERIA IN SOLUBLE Ort Emutsions. H. Pivnick, W. E. ENGEL- 
HARD, and T. L. THompson, Appl. Microbiol. 2:140-142 (May) 1954. 


Emulsions of mineral oils in water when used as lubricants in machine shops have been 
shown frequently to become contaminated with fecal and respiratory organisms (Bull. Hyg. 
29:822, 1954). The viability of 30 strains of enteric organisms and 2 of Bacillus Friedlanderi 
in a mineral oil emulsion was examined, as it was felt that the growth or survival of pathogenic 
organisms would indicate the importance of this vehicle in the spread of infection in factories. 

All the strains of Salmonella paratyphi B, S. typhimurium, and S. oranienburg grew readily 
at 30 C. Growth generally produced a maximum number of viable organisms in four days, after 
which the numbers gradually declined. Other strains, including three of four S. typhosa strains, 
failed to grow. Shigella strains died out rapidly, and no viable organisms could be detected after 
10 days’ incubation. One strain of B. Friedlanderi grew steadily during the period of incubation. 


J. Nacineton [Butt. Hyc.]. 


METHODS FOR TESTING THE GERMICIDAL VALUE OF CHEMICAL COMPOUNDS FOR DISINFECT- 


ING So_uBLE Ort Emutsions. H. Pivnick and F. W. Fastan, Appl. Microbiol. 1:204- 
207 (July) 1953. Butt. Hye. 


HEARING AND INDusTRIAL Norse. S. C. Bostic and H. J. Worsnam, U 


M. J. 6:75 (Jan.) 1955. 


. S. Armed Forces 


Bostic and Worsham present experiences in a hearing conservation program at a naval air 
station. A suitable audiometric testing chamber was set up, and a comparison was made of 
binaural decibel loss in two different sound environments. The necessity of considering the 
environment in the testing of hearing is confirmed. The number of persons suffering hearing loss 
at various frequencies was found to vary with their occupation and proximity to the sources 


of noise. Forty-one per cent of a small group of sandblasters, for example, had a binaural loss 
of more than 10%. 


Atk AND Broncuitis. J. PEMBERTON and C. Brit. M. J. 2:567-570 
(Sept. 4) 1954. 


The death rates from bronchitis for men and women in the age groups 45-64 and 65+ for 
county boroughs in England and Wales have been calculated and correlated with the average 
sulfur dioxide air pollution in these county boroughs for the years 1950, 1951, and 1952. 
Statistically significant association was found in all cases for men, but only in the cases of the 
higher age group in 1951 and 1952 for women. When total solid matter deposited was used as the 
index of pollution, the association with bronchitis mortality rate was less consistent. 

There was no significant association between sulfur dioxide pollution and two indices of 
social conditions, one being based upon housing conditions and the other upon income. 

It is concluded that air pollution by sulfur dioxide may be a factor in determining the magni- 
tude of the bronchitis death rate of middle-aged and elderly men. 


D. E. Hicxisu [Butt. Hyc.]. 
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A. ARCHIVES OF INDUSTRIAL HEALTH 


Forces ACTING ON THE HAND DuRING THE USE oF TooLs OPERATED BY COMPRESSED AIR. 
F. and H. ScHEFFier, Arbeitsphysiol. 15:277-294, 1954. 


Tools such as hammers and drills operated by compressed air have been in use for about 40 
years and are known to cause damage to nerves, muscles, bones, and joints of the hand, elbow, 
and shoulder. These conditions, which cause disablement, have been accepted as industrial diseases. 
This paper contains a careful description of a modern pneumatic drill and gives a good account 
of the technical experimental methods employed to analyze and measure the forces of action and 


reaction of such a tool when in use, with particular reference to the impact of these forces on 
the operator's hands. M. E. Derarietp [Butt. Hyc.]. 


Determination of Air-Borne Contaminants 


X-Ray ANALysiIs oF Founpry Dusts ror Quartz AND IRON IN RELATION TO SILICOSIS 
AND I. DirFRAcTION ANALYSIS FOR SiLica. G. L. CLark, W. F. LoRANGER, 
and S. J. Bopnar. II. FLuoREscENT SPECTRAL ANALYSIS FOR IRON. G. L. CLARK and 
H. C. Terrorp. III. INTERPRETATION OF RESULTS AND CORRELATED MEDICAL OBSERVA- 
Tons. G. L. CtarK and L. E. Hotty, Analyt. Chem. 26:1413-1418 (Sept.) 1954. 


An intensive survey of a large steel foundry is reported, including a study of silica and iron- 
dust concentrations and roentgenological examinations of the workers. Since alpha-quartz is the 
established cause of silicosis, quantitative analysis of dusts must be made by x-ray diffraction 
techniques. The Geiger-counter diffractometer is employed for rapid, accurate, and reproducible 
results on the percentage of crystalline quartz, with calcium fluoride as an internal standard. 
Two sets of dust samples were taken a year apart and analyzed independently. Iron was also 
determined chemically and by fluorescent-spectral analysis in all samples in order to ascertain 
any lung effects defined as siderosis. The second technique is very accurate and convenient and 
makes use of the same x-ray apparatus as for quartz determination. 


Inpust. Hyc. 


Rapip SPECTROGRAPHIC METHOD FOR THE DETERMINATION OF BERYLLIUM IN Arr. F. P. 
Lanois and Mary C. Coons, Appl. Spectroscopy 8:71-75, 1954. 


A method has been developed for determining beryllium in air-dust samples at the rate of 
11 man-minutes per sample. The method involves the use of a small filter-paper sample which is 
inserted into a cupped graphite electrode and arced in a conventional direct current arc. Certain 
treatments are necessary to ensure optimum excitation of a barium chloride carrier and internal 


standard. The method is sensitive to 0.002y of beryllium on the filter paper, and the range of 
analysis extends to 0.17. 


Cuem. Asst. [INpust. Hyc. DicEst]. 


PHYSICOCHEMICAL STUDIES ON Dusts: VII. Errect oF ACIDS ON THE SOLUTION PROPER- 


TIES OF SiLicEous Dusts. J. G. Grips and P. D. Rrrcure, J. Appl. Chem. 4:473-483 
(Sept.) 1954. 


The solubility of a ground pure quartz dust is reduced by acid treatment, an effect best 
accounted for by the dissolution of a portion of the disturbed layer through extraction. On the 
other hand, extraction of orthoclase, olivine, sandstone, DRC silica, and Lochaline-sand dusts 
with hydrochloric acid increases the solubility. Dissolution of the alumina present in the DRC 
silica and Lochaline-sand dusts only partly accounts for the increased solution rate. The solu- . 
bility of these two dusts does not increase again after heating, pretreatment with alkali or 
distilled water, or electrodialytic treatment. Hydration of silica surfaces does not occur during 
the acid treatment, but the extent to which the solubility is raised is markedly dependent on 
the pH of the acid solution. The pH of sulfuric acid solutions is increased after extraction of 
samples of Lochaline sand. It is thus concluded that the increase in solution rate of such impure 
siliceous materials is due to adsorption of hydrogen ions on the surface irregularities produced 
by removal of alumina and other impurities. The presence of these ions enables the silica sur- 
face to attract a greater number of hydroxyl ions from the solvent medium, with the subsequent 
formation of highly soluble silicic acid. 


Inpust. Hyc. Dicest. 
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PHYSICOCHEMICAL StupDIES ON Dusts: VIII. Some Sorprion PROPERTIES OF SILICEOUS 
Dusts. J. G. Grips and P. D. Ritcuie, J. Appl. Chem, 4:483-487 (Sept.) 1954. 


Rock crystal, Lochaline sand, and vitreous silica (Vitreosil) dusts all show reduced affinity 
for a dyestuff cation on removal of the disturbed outer layer from the particle surfaces. This 
layer of amorphous silica is, therefore, more reactive than the underlying core in sorption pro- 
cesses, just as in solution processes. In the case of vitreous silica, there is probably a physical 
difference between the outer amorphous layer and the nominally amorphous core, such as a 
more open structure. Heat treatment and repeated acid extraction have the same effect in both 
sorption and solution experiments. Alteration of the surface is probably responsible in both 

cases. 


Inpust. Dicest. 


Ventilating, Air Conditioning and Engineering Control 


TECHNICAL AspEcts OF HIGH TEMPERATURE GAS CLEANING FOR STEEL MAKING PROCESSES. 
LESLIE SILVERMAN, Air Repair 4:189, 1955. 


Laboratory studies, using basic principles of air filtration, were applied to field studies in 
two plants, with the results offering sufficient encouragement, especially on high-temperature 
operations, that a pilot model set-up was planned and put in operation at an eastern steel mill. 


The successful unit consists of a continuously moving bed of rock (or slag) wool, which 
passes through the stock (or duct) by means of a moving belt arrangement. The filter medium 
is crushed (optional) and recycled to the belt conveyor as many as 7 to 10 times. 

Reworking and cleaning data, which are essential for economy, will be required in greater 
quantities than are now available. 

Basic information relative to cleaning requirements, existing types of cleaners, and velocity- 
temperature problems is dealt with in the introductory facts of the article. 


WILLIAM L. AvRETT. 


CoNnTROL OF AIR POLLUTION FROM OIL REFINERIES IN Los ANGELES County. Cart V. 
KANTER and Ivan S. Deckert, Air Repair 4:197, 1955. 


This paper reviews some of the air-pollution problems of the petroleum industry. Pollutants, 
such as sulfur compounds, dust, smoke, and malodors, and their control measures are briefly 
discussed. A much more comprehensive treatment is given hydrocarbon pollutants because of 
their unique part in the Los Angeles smog. The estimated emission of hydrocarbons to the Los 
Angeles atmosphere is 800 to 1000 tons per day from motor vehicles and 300 tons per day from 
refinery operations. Refinery losses arise from storage tanks, oil-water separators, flares, vacuum 
jets, and leaks. These are discussed in detail. Storage-tank losses result from light gases, non- 
volatile materials, and light stocks such as gasoline. The latter losses can be significant, and 
the following control methods are discussed: (1) floating roof tank; (2) variable volume vapor- 
space tank, and (3) vapor recovery. 

The amount of hydrocarbon pollutant released from oil-water separators is controlled by 
covering the separator. Losses of hydrocarbons from flares using Venturi burners and those 
using steam injection are controlled to obtain greater efficiency of combustion. Control of cracked 
hydrocarbon pollutants emitted from steam ejectors used on vacuum-distillation equipment is 


also discussed. J. A. Spence, Boston. 


CONSTRUCTION OF CRITICAL ORIFICES WORKING WITH SMALL PRESSURE DIFFERENCES AND 


THEIR USE IN CONTROLLING AIRFLOW. H. A. DRUELT, Brit. J. Indust. Med. 12:65 (Jan.) 
1955. 


Divergent cone orifices were studied to determine the relationships of pressure drops, cone 
angle, and cone length to critical air flow. The results of tests in the flow range of 10 to 200 
liters per minute and methods of constructing and calibrating orifices are presented in detail. 
Of particular interest to the equipment-burdened industrial hygiene engineer is that proper 
design can give him a critical orifice with less than the usual pressure drop considered necessary. 
Often a considerable reduction in pump capacity, weight, and expense is thereby possible. 


K. W. NE son, Salt Lake City. 
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Accidents and Their Prevention; Protective Equipment 


INDIVIDUAL DIFFERENCES IN ACCIDENT SUSCEPTIBILITY AMONG CoaL Miners. J. W. Wuit- 
FIELD, Brit. J. Indust. Med. 11:126-139 (April) 1954. 


This is a study of the accidents which occurred in the Nottinghamshire coal-field during the 
period from July, 1944, to December, 1946. The miners were classified according to occupation 
as colliers, machinemen, packers, flitters, loaders, haulage and pit-bottom staff, deputies, etc. 

The number of accidents for each occupation and site was calculated in relation to the man- 
shifts worked. From these data the risk could be calculated for the occupation in that place. 

Statistical analysis of the figures suggests that there are more multiaccident persons than 
would be expected on the assumption of equal liability and that the multiaccident persons tend 
to have been exposed to a comparatively low risk of accident. 

Various psychological tests showed little relationship with accident proneness. In the inter- 
view it appeared from their accounts that the younger accident-prone men had been more 
unfortunate in their upbringing, early life, and present state. 

An accident may be classified as a failure to make an adequate response to a hazardous 
situation. This may be due to a failure either to perceive the hazard or, having perceived it, to 
respond adequately. The accident-prone person may be considered as failing in either or both 
of these possible ways. 

[The elusive accident proneness still keeps its secret, though this article shows much careful 
thought and adequate safeguards in the experimental procedure. | 


May [Butt. Hye.]. 


BEHAVIOR OF CERTAIN ENCLOSURES UNDER RAPIDLY APPLIED INTERNAL Pressures. P. B. 
SiTH, Report 91, Safety in Mines Research Establishment, Ministry of Fuel and Power, 
H. M. Stationery Office, July, 1954. 


Boxes to contain electrical equipment in explosive atmospheres must be tested by hydrostatic 
methods to resist internal explosion without structural failure. The static test method must be 
assumed to simulate a possible explosion. This report describes the mechanical equipment used for 
recording deflection of sides of test boxes (approximately 3 by 2 by 1 ft—5/16 in. thick steel 
plate). Test results comparing explosive deflection of one side and hydrostatic deflection are 
presented for three types of boxes. Pressures were in the range of 90 lb. per square inch (p. s. i.), 
causing deflections of about 1 cm. 

The values of stress and deflection obtained from static internal pressure tests are shown to 
be within 5% of those obtained by actual explosion tests, thus proving that the static test method 
is valid and stimulates the dynamic condition. C. E. BrLtres, Boston. 


Radioactive Substances and X-Ray 


RETINAL’ Burns: New HazarD OF THE ATomic Boms. Cot. Victor A. Byrnes, Capt. 
Davin V. L. Brown, HEnriIcH W. Rose, and Paut A. Crsts, J. A. M. A. 157:21-22 
(Jan. 1) 1955. 


The energy released in the form of visible, infrared, and long ultraviolet light rays by an 
atomic bomb detonation is capable of producing thermal burns involving the choroid and retina. 
The primary site of the lesion produced is the pigment layer of the retina and choroid, and, 
in general, the diameter of the lesion depends on the distance from the fireball. The pupillary 
diameter at the time of detonation is very important; thus, the danger is greater at night. 

Pupillary and blink reflexes are too slow to prevent this lesion but are of some value in 
eliminating the added energy arriving after the first 0.1 second. The distances at which these 
burns may occur are much greater than those at which any other harmful effect of the atomic 
bomb occurs. This is true because of the focusing effect of the optical system of the eye. 


From THE AuTHORS’ SUMMARY. 


PERSONNEL ExposuRES ASSOCIATED WITH THE THERAPEUTIC USE OF RADIUM, RADON, AND 
Cospatt-60. Ecrpa DeAmicis and RussELL F. Cow1nc, New England J. Med. 251:1-4 
(July 1) 1954. 

Various methods are described which are employed in keeping the exposure of personnel 
handling therapeutic doses of Ra, Rn, and Co® below permissible exposure levels, as defined 
by the National Bureau oi Standards. NvucLeEAR Sc. ABST. 
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PRACTICAL CONTROL MEASURES FOR EMPLOYEES EXPOSED TO IONIZING RADIATION HAZARDS: 
MeEpicaL Contro-. B. R. Neset, South. M. J. 47:1147 (Dec.) 1954. 


Inhaled radioactive materials are usually particulate. A significant fraction of this material is 
entrapped in the hairs of the vestibular space of the nares and the flagellar and mucous-covered 
surface of the turbinates and the posterior or inner nares. This means that the human nose is 
an excellent catch basket and filter for particles entering with the air stream. By simple clipping 
and removal of the hair in the vestibule of the nose, by blowing on the part of the patient, inhaling 
by mouth, exhaling vigorously through the nose (as in swimming), much of the contaminant can 
be removed. Washing is accomplished by having the patient cup his hand and snuff the water 
into the nasal passage and forcefully expel it by blowing through the external nares. Rinsing 
should be done with a nasal applicator and saline under gravity, again instructing the patient in 
no circumstances to swallow the irrigating solution. 

Vomiting should be induced in patients who have swallowed radioactive material. Drinking 
a glass of hypertonic saline solution is excellent, and ipecac and milk may be given following the 
saline solution. Proper positioning of the patient for vomiting is important in order to avoid 
aspiration. 

As regards the treatment of contaminated clothing, hair, and skin, the author refers to the 
“Outline for Decontamination” prepared by the Oak Ridge Medical Department. 

Proper liaison with local fire departments is advisable at atomic energy installations in loca- 
tions where these departments might be called in the event of an emergency. 

Certain sites should be labeled with a standard placard indicating that water should not be 
used in the event of fire. Water would spread and thus enhance the danger from radioactive 


materials. In the case of the alkali metals, water would greatly increase, rather than quench, the 
conflagration. 


How Important Is SuRFACE CONTAMINATION? M. Etsensup, H. Bratz, and E. V. Barry, 
Nucleonics 12:12-15 (Aug.) 1954. 


A survey of radium and uranium plants shows that surface monitoring is less indicative of 
personnel hazard than air sampling and bioassay. Costly surface decontamination is unnecessary, 
unless warranted by effects on air-borne dust or external radiation. 


Inpust. Hya. DiGeEst. 


RADIOACTIVE-WASTE DIsPOSAL IN THE OCEAN. Handbook 58, U. S. Department of Commerce, 
National Bureau of Standards, August, 1954. 


Recommendations of the National Committee on Radiation Protection, governing radioactive 
waste disposal in the ocean, are presented. Factors affecting safety and convenience are discussed. 


NucLear Sc. Asst. 


MEASUREMENT OF THE Y-RADIATION FROM THE HuMAN Bopy. P. R. J. Burcu and F. W. 
Sprers, Nature, London 172:519-521 (Sept. 19) 1953. 


With the increasing use of radioactive isotopes in research, industry, and medicine, the need 
has arisen for an apparatus capable of measuring small quantities of these materials which, by 
accident, may have entered the body. Advance warning by a physical method is necessary if the 
deposition of radioactive substances in the body is to be kept below agreed maximum per- 
missible levels. Direct measurement of the y-radiation emitted by radioactive elements in the body 
overcomes many of the ambiguities associated with the sole use of excretion tests 


. Given a 
sufficiently sensitive apparatus, it is even possible to detect quite small quantities of energetic 
8-particle emitters via the bremsstrahlung generated in the body tissues. The use of high- 


Eressure differential ionization chambers to study body radioactivity at the University of Leeds 
is described. Probable errors are tabulated for observations of body activity resulting from 
Ra?*6, Th?82, Ra??8, Co®, [181, Na*4, and the S8-particle emitters P32, Sr8%, and 
Sc. Asst. 
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Books 


Textbook of Healthful Living. Fifth edition. By Harold S. Diehl, M.A., M.D., Sc.D. Price, 
$6.00. Pp. 802, with 88 figures, illustrations, and tables. McGraw-Hill Book Company, Inc., 
330 W. 42d St., New York 36, 1955. 


This is the new fifth edition of a textbook which was first published 20 years ago. Although 
primarily designed for informal reading by intelligent laymen interested in health matters, the 
text is useful in college courses which deal with personal hygiene. 

The material is presented in an interesting manner, and the author is successful in avoiding 
the dry textbook approach to medical information. 

The subjects are arranged in 30 chapters which vary from 12 to 32 pages in length; sugges- 
tions for classroom discussion and a listing of text films on health education are included. In all, 
there are 802 pages of text and 90 pages of appendices. “Appendix D” represents 47 pages 
reprinted from the official report of the American Public Health Association on the Control of 
Communicable Diseases in Man (eighth edition). 

The information is medically and scientifically accurate and is easily readable. In a book of 
this sort it is impossible to cover everything in detail, and hence one could have wished that 
more space were devoted to the discussion of current concepts of cardiovascular disease in general 
and of rheumatic heart disease in particular, as well as the presentation of diabetes as a dynamic 
disease. 

High school graduates, college students, yes, and parents of teen agers too will find fre- 


quent and many uses for this book. 
L. S. SNEGIREFF, M.D. 


The Skin. By Arthur C. Allen. Price, $25.00. Pp. 1048, witir 495 illustrations. The C. V. 
Mosby Company, 3207 Washington Blvd., St. Louis 3, 1954. 


Allen’s book on “The Skin” certainly evidences the years which must have been spent in its 
preparation, containing as it does a vast amount of information—replete with innumerable 
photographs and photomicrographs—on the skin, from the viewpoint of an experienced dermal 
pathologist. His presentation of the embryology and anatomy of the skin especially is particularly 
painstaking. 

In his preface, Dr. Allen states that he intended this book “for dermatologists as well as a 
great many other physicians who encounter skin disorders in their practice’; also for other 
pathologists. The ordinary physician, however, who encounters skin disorders is primarily 
interested in what to do for the patient, and this most essential point of dermatology has been 
neglected in this book. 

As a first edition, this book has tremendous capabilities. In its present writing it is of great 
value, but were it to be revised after close consultation with dermatologists, it could well become 
invaluable. The indicated need for the author—a famed pathologist—to have collaborated with 
dermatologists in preparing such a formidable treatise on “The Skin” is manifested particularly 
by this lack of discussion of therapy during its entire compass. 

It would indeed be an interesting assignment for any practicing dermatologist to run through 
this book with the author, with frank comments and criticisms. For example, glancing through 
its pages, one would note that, in the first chapter, the author’s note that acrodermatitis perstans 
is probably a form of pustular psoriasis would never be accepted by skin specialists who regularly 
treat this condition. His discussions of lupus erythematosus and scleroderma are adequate, and 
his handling of rheumatic fever and its skin and allied internal manifestations are indeed well 
presented. His discussion of atopic dermatitis, however, is somewhat slipshod; for instance, 
despite his statement that patch tests are used for atopic dermatitis, they are not—they are, 
rather, of use in diagnosing contact dermatitis. 
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Various photographs are open to question, as follows: 


(a) Plate 176, Picture A, and Plate 192, Picture B are identical, but the first is designated 
“syphilis” and the second—alike in all respects—“chancroid.” 

(b) Plate 193, Pictures E and F do not depict Donovan bodies; the terminology “lympho- 
granuloma venereum” has been promulgated as “lymphopathia venereum,” but no mention of this 
is made by the author. 

Practically one-third of the book has been devoted to the neoplastic and hyperplastic diseases 
of the skin; the photomicrographs of these are excellent. The clinical pictures have been chosen 
with foresight. 

The author emphasizes and reemphasizes the causative effect of the absorption of arsenic in 
basal-cell epitheliomata, a point which has not been brought out too well in most textbooks on 
the skin. 


The book is printed on fine quality paper, and most of the illustrations must be termed 
excellent. 
This volume can be highly recommended, with the qualification that there are several improve- 
ments which could be suggested for a further edition. 
GeEorGE E. Morris, M.D., Boston. 


Handbook of Medical Treatment. Fourth edition. Edited by M. J. Chatton, S. Morgen, and 
H. D. Brainherd. Price, $3.00. Pp. 569. Lange Medical Publications, University Medical 


Publishers, Box 1215, Los Altos, Calif., 1954. 


In this edition, with the aid of new contributors, an authoritative review of current medical 
therapy is given. With this revision has come expansion, which tends to dilute “handbook” 
information and alter the scope to that of a pocket textbook. 

CHRISTOPHER Woop. 


Die Pneumokoniosen. By G. Worth and E. Schiller. Price, DM 178.50 ($42.50). Pp. 898, 
with 278 illustrations. Staufen-Verlag K. G., Kéln und Krefeld, P. O. Box 46, Kevelaer, 
West Germany, 1954. 


No work comparable with this monumental effort has been published on the subject of the 
pneumoconioses in any language. Its bibliography alone covers 216 pages, containing more than 
8500 references, and those who consult the book will find it a most satisfactory device for abbrevi- 
ating library research. Its furnishings are as prodigious as its price: the paper is excellent, the 
typography is clear, and the numerous illustrations are superb examples of the best technique 
in reproducing photographs in print. The illustrations are, by the way, rather oddly numbered 
and lettered; short of a physical count, one can only estimate that there are about 400 of them. 

“Die Pneumokoniosen” is divided into two parts. History, pathogenesis, and morphology 
are described by Schiller, while Worth deals with the clinical and diagnostic aspects. Dr. Schiller 
begins with a very brief historical introduction, reviews diverse opinions concerning the etiology 
of the pneumoconioses, and gives a list of the scientific institutions engaged in silicosis research. 
One notes in passing that, while German institutions rate over three pages of description, Great 
Britain has only one page, France, Belgium, and Switzerland have half a page each, and the 
United States, along with Finland, Italy, the U.S.S.R., and some others, have to be content with 
a paragraph or two. The only American institution mentioned as being engaged in silicosis 
research is the Saranac Laboratory of the Trudeau Foundation. 

Subsequent chapters deal with the normal anatomy of the respiratory organs, and with the 
physical and chemical characteristics of industrial dusts, including their analysis by physical 
methods, their mode of deposition in the respiratory system, the experimental physiology and 
pathology of dust diseases in animals, and their pathological anatomy in man. These sections, 
insofar as they are concerned with the experimental method of inquiry, lay heavy stress on results 
and devote little space to techniques. The illustrations, mostly phase-contrast microphotographs 
of stained tissue sections, are magnificent. 

Dr. Worth is responsible for much the larger part of the text (pp. 235-608) ; this is given over 
to a discussion in great and often illuminating detail of the clinical diagnosis, especially by x-ray, 
of the pneumoconioses, their complications, pathological physiology, development, and prognosis. 
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As to therapy, we are told briefly that there is no such thing; preventive treatment, as by 
protector dusts (aluminum, lime), is skeptically reviewed, and causal prevention by dust abate- 
ment is declared to be the engineer’s and not the physician’s business. The remaining 150 pages 
exhibit an encyclopedic and somewhat bewildering collection of case and epidemiological reports 
from a large number of countries in Africa, the Americas, and Europe, arranged by occupation 
(gold mining, quarrying, sandblasting, metal or glass grinding, foundry work, ceramic industry, 
etc.) and by type of dust disease caused (e. g., silicosis, asbestosis, siderosis, heavy- and light- 
metal dust diseases, byssinosis, tobacco pneumoconiosis, and a great many others). The differ- 
ential roentgen diagnosis of the pneumoconioses is treated in some detail. Like the first part, 
the second is profusely illustrated, mostly by x-ray photographs of exemplary beauty. 

The work most decidedly is not meant to be a textbook for students. It is written from 
one point of view and from one only—that of the medical diagnostician. Its chapters on dust 
genesis and analysis are sketchy ; its treatment of experimental laboratory methods is laconic; and 
it is interested neither in the prevention nor in the therapy of the dust diseases. While its 
usefulness to the hygiene engineer, the laboratory research worker, and the practicing physician 
is thus restricted, the book is within its self-imposed limitations the last word in completeness and 
thoroughness of presentation, and it is likely to remain so for some time to come. 


Eric O. LANDAUER 
PuHILip DRINKER 
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U.S. Public Health Service 
Occupational Health Program 
1014 Broadway, Cincinnati 2, Ohio 


FOREWORD 


This section represents a new venture, both for the A. M. A. ARCHIVES OF 
INpustRIAL Heactu and for the Occupational Health Program of the U. S. Public 
Health Service. It substitutes for Occupational Health, published for a number of 


years by the Occupational Health Program but suspended in July, 1953. 


Occupational Health served as a news bulletin for federal, state, and local 
occupational health agencies and for institutional and industrial occupational health 
services all over the country. 

The idea of a special section in the ARCHIVES was conceived nearly a year ago 
by members of the editorial board of the Arcutves. They thought of such a section 
as a clearing house for work done by federal, state, and local governmental and 


other agencies in the occupational health field, work that is too often overlooked. 


Many of the problems met and solved in the occupational health field are not 
regional in scope, nor are they limited to a single industry. Most of them are 
universal. Yet frequently there is little or no opportunity for the workers in one 
part of the country, even in one part of a state, to know what fellow-workers in 


the same field are doing elsewhere. 


It is hoped that by means of this section, to appear monthly in the Arcuives, the 
situation can, in part, be rectified. 


Jerry N. Ransohoff, Editor 
i 
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PUBLIC HEALTH SERVICE COMMUNITY AIR POLLUTION PROGRAM 


For the purpose of this summary, com- 
munity air pollution is defined as the pres- 
ence in the ambient atmosphere of substances 
put there by the activities of man in concen- 
trations sufficient to interfere directly or 
indirectly with his comfort, safety, or health 
or with the full use and enjoyment of his 
property. In general, it does not refer to 
in-plant atmospheric pollution, nor is it con- 
cerned with air-borne agents of communi- 
cable disease. 

Increasingly in recent years there have 
been evidences of damage to health produced 
by air pollutants discharged from industrial 
or other community activities. Aside from 
the health consequences, economic effects 
have long been of concern and are of in- 
creasing importance. 

For years, many municipalities have en- 
gaged in smoke abatement programs with 
considerable success. However, the general 
problem of air pollution due to other forms 
of particulate matter, vapor, and gases has 
increased in severity with the growth and 
greater technical complexity of economic 
and community activities. There are wide 
gaps in knowledge concerning control meth- 
ods for certain air pollutants and of the 
effects of various pollutants, either singly 
or in combination. 

Federal legislation relating to air pollution 
gave the Public Health Service limited 
authority for studies in this field under the 
Public Health Service Act and the Treaty 
between the United States and Great Britain 
relating to boundary waters between the 
United States and Canada. Recently, pro- 
posals for Federal legislation had been pre- 
sented in the 8lst, the 82nd, and the 83rd 
Congress. These proposals chiefly had been 
to obtain Congressional recognition of the 
magnitude of the problem, together with 
directives for concerted Federal, State, and 
local action to combat such pollution. 
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Complete knowledge of the status of State 
and local control activities is not available 
yet. In the majority of the States, authority 
for current air pollution activities derives 
from the general powers to protect the public 
health and to abate nuisances. In a dozen 
States, legislative authority has been estab- 
lished or has been proposed to deal compre- 
hensively with problems of air pollution and 
its prevention and control. A prominent 
feature of the newer legislation is the author- 
ity to relate pollution problems not only to 
health and nuisance but also to its economic 
effects of damage to crops, livestock, and 
other property. 

Although only 3 States have passed 
statutes establishing official air pollution 
control programs, at least 33 States conduct 
some activity in air pollution control at the 
State level. The work is generally carried 
on by the State health departments. 

Local air pollution control activities have 
been established in many cities, towns, and 
counties. Several large cities were spending 
far more annually on air pollution control 
than was any State. 

There are seven Federal Subdivisions with 
direct interest and responsibilities in com- 
munity air pollution. These are the Atomic 
Energy Commission, the Department of 
Agriculture, the Department of Defense, the 
Department of Health, Education, and Wel- 
fare, the Department of the Interior, the 
Department of Commerce, and the National 
Science Foundation. 

The Atomic Energy Commission is con- 
cerned primarily with the determination and 
operational control of the biologic effects on 
man, livestock, crops, and forage of radio- 
active and nonradioactive substances released 
into and transported by the atmosphere. 

The Department of Agriculture has a gen- 
eral interest in community air pollution to 
the extent that individuals who produce, 


[2] 


\ 

’ 


OCCUPATIONAL HEALTH NEWs 


handle, process, and market farm products 
and the animals and plants upon which this 
country depends for food, fiber, and other 
agricultural materials are affected adversely 
by air pollutants. 

The principal interest of the Department 
of Commerce is vested in two of its major 
bureaus. The National Bureau of Standards 
is concerned especially with the methods of 
study and related instrumentation required 
for the measurement and analysis of air 
pollutants and evaluation of control tech- 
niques. The U. S. Weather Bureau provides 
a basic resource for an understanding of 
dynamics of community air pollution by its 
constant meteorologic measurements. The 
Civil Aeronautics Administration, also in 
the Department of Commerce, is interested 
in air pollution as it affects visibility con- 
cerned with the operation of aircraft espe- 
cially in the vicinity of airports. 

The Department of Defense is concerned 
with the relation of air pollution to visibility 
as it affects flight safety. Further interests 
include responsibility for the control of pol- 
lutants potentially or actually discharged 
from plants directly operated or controlled 
by the Department. 

The Department of Health, Education, 
and Welfare is basically interested in com- 
munity air pollution with respect to its 
effects upon the health and welfare of the 
population and with regard to methods of 
effectively controlling or preverting the 
pollution or its undesirable consequences. 
Inasmuch as the Public Health Service is 
required to advise and assist the States in 
the protection of the public health and in 
the maintenance of adequate public health 
services, its major objective here is the pro- 
vision of suitable control operations by State 
and local agencies. A sound foundation of 
technical information must be developed with 
respect to the nature of pollutants, their 
effects on health, comfort, and property, and 
with regard to methods of appraisal and con- 
trol of pollutants. 

The Department of the Interior Bureau of 
Mines is interested in problems involving 
the generation and control of atmospheric 
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contaminants at their source. These prob- 
lems involve the protection, processing, and 
utilization of fuels and minerals used in a 
variety of metallurgic and kindred chemical 
processes. 

The National Science Foundation has a 
direct interest in this area to the extent that 
fundamental knowledge concerning commu- 
nity air pollution depends upon basic re- 
search. 

Upon an informal request from the White 
House, the Secretary of Health, Education, 
and Welfare activated an Interdepartmental 
ad Hoc Committee on Community Air Pol- 
lution in November, 1954. In January, 1955, 
the Committee submitted recommendations 
with reference to the role of the Federal 
Government in ascertaining the seriousness 
of this increasing threat to comfort and 
well-being, and in developing feasible means 
for securing its abatement. 


On July 14, 1955, Public Law 159 of the 
84th Congress was signed. This Law reads 
as follows: 


Be it enacted by the Senate and House of 
Representatives of the United States of America 
in Congress assembled, That in recognition of 
the dangers to the public health and welfare, 
injury to agricultural crops and livestock, damage 
to and deterioration of property, and hazards 
to air and ground transportation, from air 
pollution, it is hereby declared to be the policy of 
Congress to preserve and protect the primary 
responsibilities and rights of the States and local 
governments in controlling air pollution, to support 
and aid technical research to devise and develop 
methods of abating such pollution,.and to provide 
Federal technical services and financial aid to State 
and local government air pollution control agencies 
and other public or private agencies and institutions 
in the formulation and execution of their air pollu- 
tion abatement research programs. To this end, 
the Secretary of Health, Education, and Welfare 
and the Surgeon General of the Public Health 
Service (under the supervision and direction of the 
Secretary of Health, Education, and Welfare) 
shall have the authority relating to air pollution 
control vested in them respectively by this Act. 

Sec. 2. (a) The Surgeon General is authorized, 
after careful investigation and in cooperation with 
other Tederal agencies, with other public and pri- 
vate agencies and institutions, and with the indus- 
tries involved, to prepare or recommend research 
programs for devising and developing methods for 
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eliminating or reducing air pollution. For the pur- 
pose of this subsection the Surgeon General is 
authorized to make joint investigations with any 
such agencies or institutions. 


(b) The Surgeon General may (1) 
encourage cooperative activities by State and local 
governments for the prevention and abatement of 
air pollution; (2) collect and disseminate informa- 
tion relating to air pollution and the prevention and 
abatement thereof; (3) conduct in the Public 
Health Service, and support and aid the conduct by 
State and local government air pollution control 
agencies, and other public and private agencies and 
institutions of, technical research to devise and 
develop methods of preventing and abating air pol- 
lution; and (4) make available to State and local 
government air pollution control agencies, other 
public and private agencies and institutions, and 
industries, the results of surveys, studies, investi- 
gations, research, and experiments relating to air 
pollution and the prevention and abatement thereof. 

Sec. 3. The Surgeon General may, upon request 
of any State or local government air pollution con- 
trol agency, conduct investigations and research 
and make surveys concerning any specific problem 
of air pollution confronting such State or local 
government air pollution control agency with a view 
to recommending a solution of such problem. 

Sec. 4. The Surgeon General shall prepare and 
publish from time to time reports of such surveys, 
studies, investigations, research, and experiments 
made under the authority of this Act as he may 
consider desirable, together with appropriate recom- 
mendations with regard to the control of air pol- 
lution. 

Sec. 5. (a) There is hereby authorized to be 
appropriated to the Department of Health, Educa- 
tion, and Welfare for each of the five fiscal years 
during the period beginning July 1, 1955, and ending 
June 30, 1960, not to exceed $5,000,000 to enable it 
to carry out its functions under this Act and, in 
furtherance of the policy declared in the first sec- 
tion of this Act, to (1) make grants-in-aid to State 
and local government air pollution control agencies, 
and other public and private agencies and institu- 
tions, and to individuals, for research, training, and 
demonstrations projects, and (2) enter into con- 
tracts with public and private agencies and institu- 
tions and individuals for research, training, and 
demonstration projects. Such grants-in-aid and 
contracts may be made without regard to sections 
3648 and 3709 of the Revised Statutes. Sums appro- 
priated for such grants-in-aid and contracts shall 
remain available until expended, and shall be 
allotted by the Surgeon General in accordance with 
regulations prescribed by the Secretary of Health, 
Education, and Welfare. 
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Sec. 6. When used in this Act— 

(a) The term “State air pollution con- 
trol agency” means the State health authority, 
except that in the case of any State in which there 
is a single State agency other than the State health 
authority charged with responsibility for enforcing 
State laws relating to the abatement of air pollu- 
tion, it means such other State agency ; 

(b) The term “local government air pol- 
lution control agency” means a city, county, or 
other local government health authority, except that 
in the case of any city, county, or other local gov- 
ernment in which there is a single agency other than 
the health authority charged with responsibility for 
enforcing ordinances or laws relating to the abate- 
ment of air pollution, it means such other agency ; 
and 


(c) The term “State” means a State or 
the District of Columbia. 

Sec. 7. Nothing contained in this Act shall limit 
the authority of any department or agency of the 
United States to conduct or make grants-in-aid or 
contracts for research and experiments relating to 
air pollution under the authority of any other law. 


A total of $1,785,000 was made available 
to the Public Health Service Community Air 
Pollution Program for this fiscal year (1955- 
1956). During this vear it is planned to use 
about one-third of the total funds to support 
and aid both the basic and the applied studies 
of public and private agencies, institutions, 
and individuals. A part of this support will 
be made available through the Research 
Grants Program of the Public Health Serv- 
ice. The remainder will be provided for 
direct contractual research. 

Within the Public Health Service, the 
Community Air Pollution Program will be 
conducted in the Bureau of State Services. 
The Bureau’s Division of Special Health 
Services and of Sanitary Engineering Serv- 
ices have principal interests in the Program. 
These divisions will develop and maintain 
cooperative operations in the two general 
fields of their particular interests. 

The Division of Special Health Services 
will be concerned generally with the medical 
aspects of air pollution. It will sponsor and 
conduct research concerned with the etiologic 
and toxicologic significance of air pollutants 
in relation to the health of man. These studies 
will include measurement of the acute and 
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chronic effects of air pollution on the health 
of man. Thus morbidity and mortality data 
will be developed and their relationship to 
pollutants of the atmosphere will be = in- 
vestigated. 

It is expected that a large part of the 
medical research can be developed at non- 
Federal agencies or in private institutions. 

The research program at the Occupational 
Health Field Headquarters in Cincinnati will 
be expanded to include certain aspects of 
the air pollution program. 

The Division of Sanitary Engineering 
Services will be concerned with the develop- 
ment of engineering and related research. 
Its primary interest is research on the 
sources, extent, behavior, and control of 
community air pollution. Of immediate con- 
cern are the physical measurement, identifi- 
cation, and tracing of air pollutants; the 


A conference to discuss health hazards in 
the mining of uranium ores was held in Salt 
Lake City, Utah, Feb. 22 and 23, 1955, 
under the auspices of the Industrial Commis- 
sion of Utah. Co-sponsors of the program 
were the Medical College, University of 
Utah; Utah Mining Association; Utah State 
Department of Health; Salt Lake City 
Chamber of Commerce, and the Occupa- 
tional Health Field Station, U. S. Public 
Health Service. The participating states were 
Utah, Colorado, Arizona, New Mexico, 
Wyoming, Idaho, and South Dakota. Ninety- 
nine persons, representing mine operators 
and State and Federal agencies, attended the 
meeting. 


During the meeting, the following subjects 
were discussed : 


1. Concentrations of Radioactive Materials 
Presently Existing in Mine Atmospheres 
(a) Radon and Radon Degradation Products, 

by P. W. Jacor, Chief, Environmental Con- 


DIGEST OF THE PROCEEDINGS OF THE SEVEN-STATE CONFERENCE 
ON HEALTH HAZARDS IN URANIUM MINING 


design, testing, and development of methods 
and devices for the study of interactions 
among air pollutants, and the development 
of methods for the control of prevention of 
air pollution. This Division will provide 
technical guidance and consultation to States 
and communities in establishing and main- 
taining air pollution control programs. Re- 
search is conducted by the Division in the 
Robert A. Taft Sanitary Engineering Center 
at Cincinnati. Training courses in air pollu- 
tion control for State, local, and other 
technical personnel have already been estab- 
lished at the Center. 


Participation of other Federal agencies. 


has begun with the provision of special serv- 
ices from the Bureau of Standards, the 
Weather Bureau, and the Bureau of Mines. 
These Bureaus are providing consultation 
to projects directed from the Cincinnati 
laboratories as well as collaborative studies. 


trol Services, and Jack Torrey, Industrial 

Hygiene Engineer, both of the Colorado 

State Department of Public Health 

Radium, by E. E. Morritt Jr., Director, 

Division of Occupational Health, Utah 

State Department of Health 

. Biological Effects of Radioactive Ele- 
ments, by Joun Z. Bowers, M.D., Dean, 
University of Utah School of Medicine. 

. Safe Working Levels for Radon and Radon 
Degradation Products, by Roy E. ALbert, 
M.D., Assistant to Chief, Medical Branch, Divi- 
sion of Biology and Medicine, and WILLIAM 
Harris, Deputy Director, Health and Safety 
Division, New York Operations Office, both of 
the Atomic Energy Commission 

4. Effectiveness of Control Measures in Re- 
ducing Atmospheric Concentrations of 
Radioactive Dusts and Gas, by Paut F. 
Woocric#, Sr. Asst. Sanitary Engineer, Occu- 
pational Health Field Station, U. S. Public 
Health Service 

. Aerodynamics and General Ventilation 
Practices—Shaft, Incline, and Slope Mines, 
by Prof. Witt1am P. Barnes, Department of 

Mechanical Engineering, and Joun E. Witt- 
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son, Associate Professor, Head of Department 
of Mining Engineering, both of the University 
of Utah 

6. Personal Hygiene and Sanitation, by 
GeorGeE A. SpPENDLOvVE, M.D., Director, Utah 
State Department of Health 

7. Summation, by Joun Z. Bowers, M.D., 
Moderator 

8. Legal Aspects of Regulatory Measures, by 
Paut Cannon, Attorney, Salt Lake City 

9. Financial and Production Aspects of Regu- 
latory Measures, by Vircit Bityeu, Superin- 
tendent, Utex Exploration Company, Moab, 
Utah, and T. W. Hotes, Minerals Engineer- 
ing Company, Grand Junction, Colo. 

10. Open Forum Discussion on Ventilation, 
Dust Controls, Diesel Motors, Hoists, 
Escapeways, Shafts, Pillars, Etc., by Jack 
Torrey, Industrial Hygiene Engineer, Colorado 
State Department of Public Health; E. E. 
Morritt Jr., Director, Division of Occupational 
Health, Utah State Department of Health; 
Duncan A. Hotapay, Chief, Occupatio.zal 
Health Field Station, U. S. Public Health Ser- 
vice, and Vicror G. Petr and Georce B. 
Jackson, Safety Engineers for the Industrial 
Commission of Utah 

11. Summation, by Watter E. 
Moderator 


Seorr jx, 


Data presented by Mr. Jacoe, Mr. Torrey, 
and Mr. Morrill summarizing atmospheric 
samples taken in 157 uranium mines showed 
that 68% of the miners were exposed to 
concentrations of Po*** and Po** in excess 
of 500 puc/liter. The median atmospheric 
concentration of these elements found in the 
mines was 1200 puc/liter. The median con- 
centration of radon was 1900 pyc/liter. About 
10% of the atmospheric samples which were 
analyzed for radium showed concentrations 
of this element above the maximum per- 
missible concentration of 8 wag/m.* 

Dr. Bowers pointed out the difficulties in 
establishing safe working levels for air-borne 
radioactive dust. Some of the problems in- 
volved in setting such levels are the inherent 
biological variations between individuals, the 
lack of data on human exposures to the ele- 
ments present in uranium mines, and the 
difficulties involved in determining the actual 
exposure of persons presently engaged in 
mining, even though the atmospheric concen- 
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trations of radioactive materials can be 
determined. 

Dr. Albert, in his discussion of safe work- 
ing levels for radon and radon degradation 
products, reviewed the records of previous 
human exposures. He mentioned that, while 
the atmospheric concentration of radon had 
been determined in European mines, no 
estimates had been made of the amounts of 
radon degradation products which were also 
present, and therefore it is impossible to 
determine precisely what radiation dose 
European miners might have received. Dr. 
Albert stated that previously proposed maxi- 
mum allowable concentrations for radon have 
been based on the results of this experience 
rather than on calculations of radiation dos- 
ages. It was also mentioned that lung tissue 
is relatively radioresistant, and therefore 
radiation doses higher than the 300 millirem 
per week which is used for other tissue would 
probably be acceptable. In view of these cir- 
cumstances, a working level of 100 puc of 
radon per liter at equilibrium with its daugh- 
ters was suggested. Further discussion of 
these points resulted in the general opinion 
that radon itself should be disregarded and 
that the working level should be based on 
the alpha energy released by the daughters 
in their decay to RaD. A level of 1.3x10° mev 
of alpha energy per liter is equivalent ap- 
proximately to the energy released by the 
complete decay of 100 puc per liter of each 
of the radon: daughters and therefore should 
be used. From a practical standpoint, it was 
decided that this method is also most desir- 
able, as the total potential alpha energy can 
be determined by field methods while the 
concentrations of individual isotopes cannot 
be measured readily. 

In his discussion on control of radioactive 
dust in mine atmospheres, Mr. Woolrich 
brought out the fact that almost all mines 
need mechanical ventilation to reduce the 
air-borne contaminants to any reasonable 
level. In designing such systems, the impor- 
tant facts to consider are the rate of emana- 
tion of radon into the working area and its 
rate of removal by ventilation. Samples 
taken in many mines have shown that the 


[6] 


\ 
a 
= 


OCCUPATIONAL HEALTH NEWS 


radon emanation rate varied from 10° to 10*? 
atoms per minute per thousand cubic feet 
of mine volume. With this wide variation in 
emanation rates, it is highly desirable to 
have a preliminary survey made of a mine 
in order to design a system of ventilation 
that will be adequate and yet not unneces- 
sarily elaborate. In lieu of such a preliminary 
study, it was recommended that control 
measures be designed to handle the worst 
situation, an emanation rate of 10'* atoms 
per minute per thousand cubic feet. This 
would require an air change every four min- 
utes in the working areas to maintain the 
atmospheric concentration at 1.3x10° mev of 
alpha energy per liter. 

Professors Barnes and Willson presented 
mine ventilation designs for situations involv- 
ing various types of ore beds and mine 
layouts. Their talk and the subsequent 
discussion emphasized the importance of 
properly planning mine ventilation. The 
suggested working level for atmospheric con- 
taminants will markedly influence tbe cost 
of control. For example, lowering the level 
for radioactive materials in the air by one- 
half will increase the cost of operating a 
control system by a factor of 10. 

Mr. Paul Cannon talked on the legal 
aspects of regulatory measures. He pointed 
out that in the final analysis the State 
agencies have the responsibility for the health 
and safety of the workers. He reviewed the 
basis for the rules and regulations that have 
been adopted for other industries, emphasiz- 
ing that the rules must promote the public 
welfare and must be reasonable. With the 
lack of data on the effects of radon degrada- 
tion products on humans and the limited 
knowledge of the levels of these elements 
necessary to cause damage, it is probable 
that the influence which any working level 
has on mine costs will be taken into consid- 
eration by courts in determining whether 
the rule is reasonable or not. If data were 


available to prove that certain concentrations 
were definitely harmful, the cost of control 
would not be a factor. 

Mr. Holmes and Mr. Bilyeu, in their 
discussion of the effects of regulatory meas- 
ures on the production of ore and on the 
economic status of the mines, emphasized the 
difficulties involved in planning control meas- 
ures in uranium operations, especially in the 
small mines, where only three or four men 
are employed. The operators need assistance 
in studying methods of control and in work- 
ing out the best procedures to use in various 
types of mines. It was estimated that about 
50% of the uranium mines could not install 
sufficient ventilation capacity without finan- 
cial assistance. 

Mr. Wiesley, Chairman, Industrial Com- 
mission of Utah, and Mr. Scott, Commis- 
sioner, Bureau of Mines, Colorado, both 
emphasized that suggested working levels 
were not absolute standards but were bench 
marks indicating the levels that would be 
desirable and that any rules finally adopted 
would be applied with this fact in mind. 

At the close of the meeting, Mr. Wiesley 
announced that he would appoint a commit- 
tee representing the various responsible State 
agencies and that Mr. Miles Romney, Man- 
ager of the Utah Mining Association, would 
appoint a committee representing the opera- 
tors. These two groups would review the 
material that had been presented at the 
conference and prepare suggested working 
rules. These rules will be discussed between 
the two committees, and then another gen- 
eral meeting will be held. 

It was also agreed that further experi- 
mental ventilation work would be done in 
mines to develop additional data on control 
measures and costs of mine ventilation. 

Duncan A. Hotapay, Chief 


Occupational Health Field Station, 
U. S. Public Health Service 
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ABRIN, LETHAL JEWELRY 


Bangles that the Borgias would have loved 
were submitted to the Field Headquarters, 
Occupational Health Program, in Cincinnati, 
recently for study and analysis. 

The bangles were in the form of earrings 
and brooches, made from the brightly colored 
but highly toxic seeds of the plant Abrus 
precatorius L., more commonly known as 
abrin or Indian licorice. 

The seeds in their dried state are a bright 
scarlet with black tips and so highly polished 
that they appear lacquered. Both the ear- 
rings and brooches made by native Puerto 
Rican artisans showed skill and taste in man- 
ufacture. Fortunately, the “taste” in this 
case remained only artistic. 

Mr. Juan A. Gonzalez, chief of the Section 
of Industrial Hygiene of the Puerto Rico De- 
partment of Health, San Juan, asked the 
Field Headquarters to make tests on abrin 
seeds to see whether the pretty seeds might 
be sufficiently poisonous to constitute a threat 
to both producer and consumer. 

Historically the seeds of abrin are well- 
known. In India they have been used for 
many years to make Buddhist rosaries, as a 
weighing standard because of their uniform 
size and weight, for decorative bead work, 
and for weather forecasting (Bailey, L. H.: 
Standard Cyclopedia of Horticulture, Vol. 1, 
New York, The Macmillan Company, 1928). 

This last use, in weather forecasting, 
termed “unreliable,” comes from the charac- 
teristic of the abrin plant to “go to sleep” or 
to fold its petals when a storm is approaching. 

In the United States, seeds of the abrin 
plant have been used as an agent to induce 
abortion, supposedly through irritating ac- 
tion on the gastrointestinal tract rather than 
on the uterus. 

The poisonous properties of the seed from 
abrin have been known for many years and 
are described in the literature (Hanford, F.: 
Poisons: Their Isolation and Identification, 
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London, J. & A. Churchill, Ltd., 1940. 
Muenscher, W. C.: Poisonous Plants of the 
United States, New York, The Macmillan 
Company, 1939. Steyn, D. G.: The Toxi- 
cology of Plants in South Africa, Johannes- 
burg, Central News Agency, Ltd., 1934). 
Constituents of the seed have been identified 
(The Merck Index of Chemicals and Drugs, 
Ed. 6, Merck & Co., Inc. Rahway, N. J., 
1952) as abrin, a toxic albumin; abrine, an 
amino acid (N-methyltryptophan) ; abric 
acid; a tetanic glucoside, and a hemoglutinin, 
a lipolytic enzyme. The similarity of nomen- 
clature of the first two listed constituents 
should be noted as a possible source of confu- 


sion and misinterpretation. 


The article by Steyn gives the best review 
of the action of the toxic principle. In brief, 
the following points are emphasized: 1. The 
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actions of abrin are similar to those of ricin, 
the toxic substance found in the seed of the 
castor oil tree (Ricinus communis L.) ex- 
cept that abrin is a much stronger irritant to 
the conjunctiva and pepsin hydrochloride 
does not destroy the red-blood-cell-agglutin- 
ating effect of abrin. 2. Absorption of abrin 
from the gastrointestinal tract is compara- 
tively slow, and it is partly inactivated by 
gastric juice. 3. Various reports of the tox- 
icity of the seed list one-half a chewed seed as 
capable of causing symptoms of poisoning in 
man; horses develop symptoms of poisoning 
after 4% oz. of seed while 2 oz. cause death; 
cattle, goats, and dogs are more resistant than 
horses. 4. To cause poisoning, the seed must 
be chewed or exposed by opening the pro- 
tective pod or covering. 

Experiments conducted in the Field Head- 
quarters Laboratory verified the reported 
toxicity of the seed. Three species of animals 
were given by gavage either a portion of a 
seed or a whole seed, removed from the pro- 
tective cover. One rabbit thus tested died 
within 24 hours after receiving one whole 
seed (about 21 mg/kg.) ; one-half seed (13.4 
mg/kg.) administered to another rabbit did 
not cause death but resulted in toxicity symp- 
toms. Rats were more resistant to the fatal 
effects of ingestion of the seeds, requiring 
two whole seeds (about 300 mg/kg.) to cause 


death. However, one-half seed caused tox- 
icity symptoms in rats. In the dog, one whole 
seed caused severe toxicity symptoms. 

In all three species tested, the toxic symp- 
toms were the same, namely, marked diar- 
rhea, which was evident 12 to 24 hours after 
administration of the seeds, loss of appetite, 
and general weakness and loss of energy. In 
the dog, violent vomiting also was noted. 
Histopathologic study of the organs taken 
from the animals that died as a result of the 
ingestion of the seeds showed marked irrita- 
tive effects on the lining of the gastroin- 
testinal tract, with changes in other visceral 
organs characteristic of shock, the shock-like 
state being secondary to the diarrhea. 

As a result of these studies, it was sug- 
gested that the use of the seeds of abrin in the 
manufacture of jewelry should not be per- 
mitted. The studies indicate that the toxicity 
of the seed is enough to endanger life through 
accidental ingestion. 

It also was noted that the seeds have no ef- 
fect if the hard, brilliantly red-and-black col- 
ored shell is not broken ; however, in prepar- 
ing the seeds for earrings, brooches, and 
other jewelry, a hole is bored through the 
hard cover and the poisonous inner substance 
is exposed. The breaking of the cover greatly 
increases the chance of damage they may 
cause if swallowed. 
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INDUSTRIAL HYGIENE PROBLEMS IN THE 


Approximately 30% of the nation’s plastic 
fabrication industry is located in Southern 
California. New processing with plastics has 
led to many complicated problems, especially 
where polyester resins are used in large unit 
production, such as swimming pools, boat 
hulls, and house trailers. 

This Division first realized the full impact 
of the problem of vapor control in large unit 
production using fiber glass and polyester 
resin, when a local swimming pool manu- 
facturer was investigated. The investigation 
was undertaken after several complaints 
were received regarding workroom air con- 
tamination from organic vapors. 

The firm manufactured small swimming 
pools in quarter sections. The steps in mold- 
ing these sections are outlined below: 

1. The metallic molds are waxed with an ordinary 
floor wax. 


2. The mold is then sprayed with a mold releasing 
agent to keep the plastic from contacting the 
wax; otherwise the wax would ignite from heat 
generated by the chemical reaction. 


3. Fiber-glass cloth is placed over the prepared 
mold and then saturated with liquid plastic 
material. This operation is repeated. 


4. The plastic is cured at room temperatures. 


To give some idea of the potential health 
and safety problems involved, the following 
paragraphs give a brief chemical breakdown 
of the plastic ingredients and their functions. 

The plastic used is polyester resin. Styrene 
is added to the resin to dissolve the polyester 
alkyd, which is an unsaturated resin, and 
to facilitate handling. Styrene reacts with 
maleic anhydride of the alkyd resin and thus 
forms cross linkage products. 

The polymerization of the resin is acceler- 
ated by the addition of a catalyst consisting 
of equal parts of styrene and methylethyl- 
ketone peroxide. The peroxide actually en- 
ters into a chemical reaction with the resin 
by forming free radicals. Cobalt naphthenate 
is added as a catalyst, initiating the break- 
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down of methylethylketone peroxide into 
free radicals and allowing the setting up of 
the plastic at lower temperatures. Cobalt 
naphthenate also acts as a drier by hardening 
the surface of the resin, which would other- 
wise become tacky from air oxidation. This is 
a room temperature air-drying operation. 
From an occupational health standpoint, 
the vapors of styrene were of the greatest 
importance. During the application of the 
plastic to the fiber glass the odors were very 
pronounced. So high was the concentration 
that a sweet taste developed in the worker’s 
mouth and the breath was noted to reek of 
the odor of styrene long after the application. 
The Maximum Allowable Concentration 
(MAC) for styrene is set at 200 parts of 
vapor per million parts (ppm) of air. Analy- 
sis of air samples revealed concentrations 
of styrene from 200 ppm to over 700 ppm, 
depending on the operation. The mixing 
of the resin and catalyst was found to give 
the highest vapor concentration, while the 
application of the plastic to the fiber glass 
gave the next highest concentration. From 
here the concentration decreased with time 
as the unit approached complete cure. 
Several methods of controlling the vapors 
were considered. All would have involved 
a large capital outlay for duct system, 
blowers, and booths to provide for a reduc- 
tion of styrene vapors in the workroom. 
Conferences were held with management as 
well as the company involved in the sale of 
the polyester resin. An experiment con- 
ducted by the distributor indicated that the 
total loss of styrene during the curing process 
at room temperature of 76 F was equivalent 
to 5 gm. per square foot of surface area. 
Inasmuch as the curing operation involved 
one hour, it can be stated that this was the 
rate per hour (5 gm/sq ft/hr.). Fortified 
with this information, we determined that 
dilution ventilation would satisfactorily con- 
trol the styrene vapors and that we would 
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not have to utilize a more costly local exhaust 
ventilation system. Dilution ventilation was 
provided by stand fans so placed as to direct 
the vapors away from the breathing zone of 
the workers. This was supplemented by ex- 
haust fans in the ceiling as well as an exhaust 
spray booth at one end of the room. 

The lower explosive limits of styrene are 
set at 11,000 ppm. By maintaining the vapor 
level within the MAC (200 ppm), the ex- 
plosive hazard is automatically controlled, 
provided the ventilation installation is pro- 
tected against electrical ignition. 

From our study we learned that the plastic 
operation, from a dermatological standpoint, 
caused much more trouble among fair- 
skinned persons. Styrene tends to degrease 
the skin, resulting in inflammation and crack- 
ing of the exposed areas. This condition is 
aggravated by the practice of using acetone 
to clean the plastic from the skin. Soap and 
water have no effect on the plastic; so a 
solvent cleansing is necessary. Protective 
gloves in application work are a hindrance 
in handling plastics, since the fingers tend 
to stick together and they make smoothing 
out of the saturated fiber glass over the 
mold difficult. Workers expressed reluctance 
toward wearing any protection that inter- 
fered with their work. 

Several workers described an illness which 
they termed “styrene sickness.’ This in- 
4 cluded symptoms of nausea accompanying 


vomiting, loss of appetite, and general weak- 

ness. According to the employees, the dura- 

tion of the symptoms was only a few hours. 

’ This completes the industrial health as- 

{ pects; however, it would be an incomplete 
report if the fire and safety aspects of the 
plastic were not discussed. 

t The methylethylketone peroxide is a strong 
oxidizing agent and therefore should be 
stored carefully to guard against spontaneous 

> combustion from contacting organic sub- 
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stances. It would be preferable to store plastic 
raw materials away from the application 
building in a fire-resistive building. 

Before we had completed our study, two 
fires started from spontaneous combustion. 
One caused destruction of half of the process- 
ing building. Both fires resulted from plastic 
contact with organic matter. As the plastic 
polymerizes, it can reach temperatures in 
the neighborhood of 400 F, especially when 
cobalt naphthenate is added. For this reason, 
wiping rags should be disposed of in covered 
metal containers. Such containers could be 
lined with plastic for easy removal and dis- 
posal. All excess plastic from the squeegeeing 
operation should be taken outside the build- 
ing as soon as the application is completed. 

Although the plastic manufacturer warns 
against using wax on molds, we find that 
most fabricating firms use it. Care must be 
taken to see that no plastic material comes 
into contact with wax. 

Spray paint booths should be covered with 
a water-soluble material to facilitate mainten- 
ance. Such a covering can also be used over 
a workroom area, particularly the floors, 
to prevent a continual build-up of plastic 
materials. 

Good housekeeping is imperative in this 
industry to guard against fire. A special check 
should be made at the end of every work 
shift to determine if all wiping rag containers, 
excess plastic and plastic constituents are 
removed from the building and disposed of 
properly. 

In this limited discussion we have in- 
dicated the dangers to health and safety 
associated with the handling of large plastic 
structural items. The field of plastics is here 
to stay, and the continued use of such ma- 
terials can be made safe and _ profitable 
through a continued exchange of information. 


Jack C. Rocers, Director 
Division of Occupational Health 
Los Angeles City Health Department 
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THE COSTS OF EMPLOYEE SICKNESS AND HEALTH SERVICES 


This paper describes briefly some of the 
current work of the Public Health Service 
in the promotion of privately financed em- 
ployee health maintenance services. From 
experience, many have learned that pro- 
grams of this type provide a practical means 
of improving and protecting the health of 
the nation’s workers. They afford a potential 
medium for the application of preventive 
health measures to most working adults. 


For the sake of a common definition, the 
term “employee health service” as used here 
is limited to those regular professional health 
services provided by management for its 
employees. It excludes health activities which 
are purely 
nature. 


of an_ on-call-for-emergency 


It is believed that employee health pro- 
grams will progressively increase in impor- 
tance, since they have several promising 
features : 


1. A large number of adults are potentially cover- 
able by such programs. 


. Preventive medical procedures have a_ high 
acceptance rate when offered through the place 
of work. 


ow 


. The place of work provides a good contact for 
follow-ups. 

4. The health procedures may be tailored to the 

specific needs of small units of the population. 


un 


. It is possible to realize the economies that occur 
when tests are done on groups instead of in- 
dividuals. 

6. No appropriations of public funds are needed to 

operate these programs. 


Good national data on the number of 
employees presently covered by various types 
of employee health services are unfortunately 
not available. A rough estimate can be ob- 
tained from the knowledge that in those 
establishments providing nursing services 
there are about 770 employees for each nurse. 
Since there are approximately 14,000 indus- 
trial nurses in the United States today, one 
may estimate that less than 11,000,000 work- 
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ers are provided nursing service at their 
place of work. One should add to this the 
very small number of workers provided 
medical services but not nursing services. 
Thus, of the almost 50,000,000 civilians in 
the United States who might be covered, 
probably less than one-fourth receive any 
type of health services at work, while a much 
smaller proportion are afforded the benefits 
of a well-developed preventive program. It 
also is known that coverage is less compre- 
hensive in the smaller and the nonmanufac- 
turing industries. 


The long-range objective of current work 
in the field of employee health services is to 
maximize the number of workers afforded 
prevention-oriented health services at their 
places of employment. This 
related tasks—increasing the number of 
workers covered and increasing the emphasis 
on prevention in many firms already pro- 
viding coverage. Initial efforts are directed 
to studies that would give results meaningful 
to management, since this is the group that 
provides the services. In the absence of 
information on why some businessmen have 
not bought employee health services, it is 
believed that lack of knowledge on the eco- 
nomics of the situation is one key factor. 
While many factors undoubtedly influence 
future growth in this field, the economic 
aspects were considered as a good starting 
point in the development of an effective 
information campaign. 


involves two 


The first question that logically comes to 
mind is, In what way could employee health 
services be expected to be of value to man- 
agement? The answer seems clear enough: 
by reducing costs attributable to employee 
sickness and injury. The primary results 
of an employee health service are manifested 
by improvements in employee health. 

On this basis, studies of the costs to man- 
agement of employee sickness and injury 
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were begun. To date, the emphasis has been 
on the development of logical methods for 
determining these costs. A fairly complete 
list of the costs of employee sickness and 
injury based on this appears in Table 1. 

As a by-product in developing these meth- 
ods, some data were obtained from 21 small 
nonmanufacturing plants without employee 
health services. Although no attempt was 
made to secure a representative sample, some 
tentative generalities based on the informa- 
tion yielded seem reasonable. Further data 


TaAsLe 1.—Costs to Management 


Item 
1. Premiums for workmen’s compensation.............. 
2. Compensated sick leave (by direct, mutual fund, 
3. Employee sickness and accident care (by direct, mu- 
tual fund, and insurance payment)................ 
4. Life insurance on employees with company as sole 
as 
5. Death benefits to workers’ families (by direet, mu 
tual fund, and insurance payment) 
ce. Maintaining extra standby capacity............. 
d. Reduction in output of nonabsent sick worker... 
e. Reduction in output from absent worker........ 
f. Training, reeruiting and differential compensa- 
7. Termination due to sickness and injury 
Costs of emergency medical services 
a. Professional and nonprofessional first aid....... 
b. Employee time lost receiving such services....... 
9. Clerical and managerial time devoted to insurance 
10. Employer's liability to sick or injured worker other 
than through workmen's compensation 


of Employees’ Sickness and Injury 


than whether it might be lowered if condi- 
tions were changed. 


A few examples might help to sharpen the 
distinction. 


It will be noted in Column 3 of Table 1 
that workmen’s compensation rates are con- 
sidered reducible, even though there are 
instances where this is not possible, as in a 
company that is too small to be experience- 
rated or self-insured or one already paying 
the minimum premium allowed by state law. 


Is the Item 


Potentially 
Reducible Annual Cost per 
Is the Item by an Employee* (in Dollars) 
Generally Employee — — — 
Caleu- Health Range 

lable: Service’ Median -— 

Yes Yes $22.60 = 0 $122.00 

Yes Yes 12.50 1.63 140.00 

Yes Yes 16.65 0 123.00 

Yes Not generally 0 218.00 87.50 

Yes Not generally 5.00 0 154.50 

0.05+ 0.01 10.30 
27.00+ 4.00 60.00 
33.00+ 2.48 91.00 
2.14t 0.50 76.40 

Yes Yes ? ? 

Yes Yes 0 0 4.03 

Yes Yes 0.22 0.01 7.80 

No Yes ? ? ? 

No Not generally 0.30 0.06 4.00 

Yes Yes 0 0 0 


“Unpublished data from 21 small nonmanufacturing firms. 
+ All values for indirect costs are based on limited data from those few firms which made estimates. 


will be needed to corroborate them. It would 

appear thus far that 

1. Some items are relatively easy to calculate. 
Information on more than half the items is 
usually available from records. 


2. Some items appear to be of little monetary 
importance. 


3. There is a tremendous variation in the amount 
companies spend for the same items. 


The question of which of the items is 
potentially reducible by an employee health 
service is a critical one. Whether or not an 
expense is actually reduced by an existing 
employee health service is far less important 
[13] 


The costs of insurance for employee sick- 
ness and accident care are also considered 
potentially reducible, despite the fact that 
under present circumstances this is not gen- 
erally true. If policies are written so that a 
subscriber company’s premiums are lowered 
when its employees require less than average 
benefit payments for sickness and accident 
claims, the possible role of employee health 
services becomes clearer. For example, any 
of the following functions of an employee 
health service might serve to reduce costs 
to management from accident and sickness 
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insurance premiums, provided that experi- 

ence rated premiums are available : 

1. Finding a condition while it is remediable or 
controllable. 

2. Educating the worker in good health practices 
so that he will seek medical care while a con- 
dition is still minor. 

3. Actually preventing some conditions by im- 
munizations and other procedures. 

The present availability of policies with 

“experience” rated premiums should provide 

a considerable stimulus and opportunity to 

firms seeking to reduce costs by using em- 
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were obtained by the United States Chamber 
of Commerce from almost 1000 companies 
in 1953. 

The sample was not picked in a random 
fashion, and only about 50% of those queried 
replied. The representation of small com- 
panies was inadequate, but the lack of impor- 
tant differences in companies of different 
sizes suggests this may not be too serious. 
The data again demonstrate that much infor- 
mation can be obtained, if sought, and that 
there are extreme variations between types 


TABLE 2.—Costs of Major Fringe Benefits Attributable to Employee Sickness and Injury 


Dollars Paid per Employee per Year 


*Insurance 


ther 
Workmen's than 
Compen- Paid Work men’s 
sation Sick Compen- 
Type of Industry Premiums Leave sation Total 
Manufacturing 
Pulp, paper, lumber and furniture 43 4 53 100 
mite 24 9 44 77 
Chemicals and allied products............... 42 28 71 141 
Stone, clay and glass products.......... 37 3 71 111 
59 2 87 148 
Fabricated metal products (excl. mach. and trans. equipment) 36 2 81 119 
Machinery (excluding 32 7 75 il4 
be Electrical machinery, equipment and supplies.................... 25 5 66 96 
Instruments and miscellaneous manufacturing industries....... 17 14 4 85 
Nonmanufacturing 
Publie utilities (electric, gas, water, telephone, etc.)............ 29 62 57 148 
Banks, Gnapte and trust COMPAMlas. 6 36 72 114 


* Includes premiums paid for life, sickness, accident, surgical, medical care and hospitalization insurance, plus death, 


accident, surgical and meuical care payments not insured. 


Source: Fringe Benefits: 1953, Chamber of Commerce, Washington, D. C., 1954. 


ployee health services to maximum advan- 
tage. 

Stating that a cost is potentially reducible 
does not imply that it can be completely 
eliminated. The reduction in most instances 
will fall far short of being total; the actual 
amount will depend on the particular costs 
found in a firm, as well as on the type of 
health services made available. As new con- 
trollable costs arise in the future, manage- 
ment-sponsored health activities may follow 
patterns considerably different from most 
current programs. 

There are national figures on many of the 
major costs of sickness and injury. They 
474 


of industries and individual firms. Informa- 
tion given above may be used as a guide to 
setting up health services that will meet 
management needs. For example, a bank 
spending $36.00 per employee on sick leave 
but only $6.00 on workmen’s compensation 
obviously has health needs different from a 
machinery manufacturing company where 
$32.00 is spent on workmen’s compensation 
and only $7.00 on sick leave. Each of these 
companies spends about the same for sick- 
ness and accident insurance, and their re- 
quirements for this item could be very 
similar. Incidentally, notice the uniformly 
large amounts spent on insurance, most of 
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it for sickness and accident coverage. It is, 
moreover, a constantly increasing item. 

The figures point out only some of the 
major areas where plenty of room for im- 
provement exists. Since they are fairly easy 
to obtain, they should be collected first. If 
on the basis of such figures alone it can be 
shown that an employee health service looks 
promising, they will have served their pur- 
pose. Accurate methods for determining cost 
of employee health services are also under 
development. Rough figures indicate that 
annual costs for health services may range 
from $5.00 to $50.00 per employee. A health 
service costing $20.00 per employee per year 
would thus need to reduce average annual 
sickness expenses of $100.00 per employee 
by only one-fifth to break even. More than 
half the types of businesses listed in Table 2 
had expenses exceeding $100.00 for the items 
tabulated, but the estimated reduction of one- 
fifth is a mere conjecture used only for 
illustrating the approach. 

It may turn out that there are some firms 
where the easily determined sickness costs 
in themselves are not of sufficient magnitude 
to indicate much potential value from an 
employee health service. In such cases, it is 
essential to get information on those costs 
which are more difficult to calculate—namely, 
the indirect ones. Even when these costs 


are obtained, however, there still may be 
firms where employee health services do not 
look promising from a_ dollars-and-cents 
standpoint. In this situation, more economi- 
cal employee health services may have to be 
devised or the programs justified to manage- 
ment on another basis. 

In contacts with industry, a checklist on 
the major costs of employee sickness and 
injury may be found useful. 

Any company seriously interested in find- 
ing out what it might stand to gain from 
either starting a health service or modifying 
an existing one would do well to collect such 
data. Any information that may be developed 
by individual establishments using the check- 
list will be welcomed by the Occupational 
Health Program. Such information will be 
further help to place employee health serv- 
ices on a basis which management considers 
sound. 

It is fully recognized that motivations 
other than economic gain are frequently the 
stimulus for instituting employee health serv- 
ices, and no doubt in many instances em- 
ployee health services will continue to be 
sold on other than an economic basis. As 
pointed out, a tremendously large number 
of businesses have not as yet seen fit to 
provide employee health services. The mutual 
problem is how to reach top management 


Taste 3.—Determination of Major Health Problems Potentially Reducible 
by Employee Health Services 


A Basic Checklist for Management 


1. Amount paid for workmen’s compensation premiums 


a. 
b. 
for a firm of your size and type? 


How many dollars were spent per worker on premiums last year for workmen’s compensation? 
By how much did this total exceed the minimum possible premium as determined by state law 


ec. What was the cause (type of hazard) and amount of each of the claims stemming from your 
firm’s liability paid by workmen’s compensation last year? 


2. Amount paid for compensated sick leave 
a. 


How many dollars were spent per employee last year for compensated sick leave? (Include direct 


payments as well as premiums on insurance used for this purpose.) 


b. 
spent per eligible employee 


If only part of the employees are eligible for compensated sick leave, how many dollars were 


e. Classify, if possible, the total amount spent on compensated sick leave by 


(1) Age, sex and job of employee 


(2) Nature of the condition (type of sickness or injury) 
3. Amount paid for employee sickness and accident insurance premiums 


How many dollars were spent per employee for sickness and accident insurance premiums last 


year? (Exclude any part of premiums for coverage of employee’s family. To do this, determine 
the annual premium for an unmarried employee without dependents.) 


b. 
benefits by 
(1) Age, sex, and job of employee 


Classify, if possible, the total amount paid to employees from sickness and accident insuranee 


(2) Nature of the condition (type of sickness or injury) 
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in these establishments with facts and figures 

strong enough to motivate them to institute 

employee health services. The approach just 

described is aimed at 

1. Developing techniques for showing management 
the total cost of employee sickness and illness. 

. Developing techniques for calculating the costs 
of employee health services. 

. Developing facts on the reduction in costs from 


sickness and illness that accrue from employee 
health services. 


TWO COURSES AT NEW YORK UNIVERSITY 


Two courses of importance to workers in 
occupational health and related fields are 
being offered this fall and winter by the 
Institute of Industrial Medicine of the Post- 
Graduate Medical School of the New York 
University-Bellevue Medical Center. 

The school, in conjunction with the New 
York University College of Engineering, is 
offering a course in air pollution, starting 
Nov. 28 and continuing through Dec. 9. 

In cooperation with the U. S. Atomic 
Energy Commission and the New York 
University College of Engineering, the school 
is presenting a two-week, full-time course 
on radiological safety, to start Jan. 9, 1956, 
and run through Jan. 20. A_ laboratory 
course, which is optional, will continue 
through Feb. 3, 1956. 

The lecture course in radiological safety 
will be repeated from February through 
May, meeting once a week from 4 to 6 p. m., 
followed by laboratory sessions from 7 to 


9 p. m. 


Tuition for lecture courses in air pollution 
and in radiological safety is $60.00 each. 
Tuition for the laboratory course in radi- 
ological safety is an additional $60.00. 

The air pollution course will cover tech- 
niques of sampling and measurement and 
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It is believed that this type of information 
will prove extremely useful not only in 
increasing the number of employee health 
services in industry but also to any industrial 
physician faced with the need of justifying 
his program to management. 

S. 
Occupational Health Program 
Public Health Service 
Washington, D. C. 


BLuMBERG, M.D. 


control of atmospheric pollutants; potential 
pollutants from various sources, including 
fuel burning, incineration, and industry; 
review of air-cleaning equipment; case re- 
ports of typical problems, and governmental 
regulations for the control of pollution. 

The radiological safety course has been 
designed to acquaint industrial hygienists, 
insurance engineers, state, federal, county, 
and city officials, industrial and research 
institution safety engineers, industrial phy- 
sicians, and present and potential users of 
radioisotopes and x-ray equipment with the 
fundamentals of radiation safety. 

The course covers the theory of detection 
and measurement of radiation; maximum 
permissible exposures to radiation; uses of 
radiation in industry, research, and medicine, 
and principles of radiological safety. The 
laboratory session will be devoted to radi- 
ation detection and measurement, personnel 
monitoring, and the use of radiological sur- 
vey instruments. 

Additional information on the curriculum 
and applications for both courses may be 
obtained from the Office of the Dean, New 
York University Post-Graduate Medical 
School, 550 First Avenue, New York 16. 
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VENTALUNG 


A new Monaghan Valve providing intermittent positive pressure 
breathing where dyspnea, chronic loss of pulmonary function, 
inadequate ventilation or apneic conditions are present. 


Offers NEW ) advancements in efficiently 


supplementing patient breathing in 


the office, clinic, hospital or home. 


REQUIRES LESS PATIENT EFFORT 


MIXES OXYGEN AND ATMOSPHERE 
40% ©, to 100% O, mixture range _ 
—conserves gus 


NEBULIZES DRUG ON INSPIRATION © 
ONLY... 
no drug waste 


EASY TO MAINTAIN...EASYTO 
STERILIZE...OPERATES ANYWHERE 
home, hospital or clinic, 
from pipe systems or oxygen bottles 
PUSH-BUTTON RESUSCITATION 


for emergency use 


_ As a precision instrument, Venta- — 
lung is designed to adequately — 

meet the breathing therapy needs 
the patient os determined and 


Send fan calor brochure on contact yaur haspital supply dealer. 


MAKERS OF THE WORLD'S FINEST RESPIRATORY EQUIPMENT MM oO NAG H 


500 ALCOTT STREET 
DENVER, COLORADO 
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For ‘Nasal Congestion 
in THE COMMON COLD 


Physiologically acceptable Neo-Synephrine 
hydrochloride solution promptly constricts the 
engorged nasal capillaries which are responsible 
for nasal congestion in the common cold. When 
the nasal mucosa is reduced to its normal state, 
the nasal passages resume their proper patency, 
drainage is possible, and the patient can again 
breathe freely. 


By its shrinking action on the nasal mucosa, Neo- 
Synephrine helps to keep the sinuses aerated 
and the openings to the eustachian tubes clear. 


Neo-Synephrine within minutes produces decon- 
gestion that lasts for hours. 


NEO-SYNEPHRINE™ 
DOSAGE FORMS Solutions: 0.25% — 0.25% (aromatic) — 0.5% — 1% — 


Nasal Spray 0.5% (plastic, unbreakable squeeze bottle) 


Nasal Spray Pediatric 0.25% (new introduction) RE 
Contains Zephiran® Cl 0.02% (1:5000), antibacterial — 
wetting agent and preservative for greater efficiency. 


(brand of > 

bine. NEW YORK trademeifk Off 


bad 


